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PREEACE. 



The Cromer Cliffs of the Norfolk Coast are well known 
to Geologists as the locality of the famous "Forest-bed '' 
and ^' Contorted Drift." These interesting deposits are 
fully described in the following Memoir from original 
detailed observation. Reference to the previous litera- 
ture of the " Forest-bed " will be found at p: 20. The 
Maps, Sections, and Memoir now published by the 
Geological Survey are intended to be a record of the 
present condition of the Cliflfe and of all that is known 
regarding their geological history up to this dat^. 
These publications will thus, it is hoped, serve as data 
from which to compute the future chjanges of the Cliffs 
from the encroachment of the Sea, and to mark the 
additions which further research at this locality may 
make to our still fragmentary knowledge of the Pliocene 
and Pleistocene History of England. 

ARCH. GEIKIE, 

Geological Survey Office, Director General* 

London, 
9th October 1882. 
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NOTICE. 



The Geological Survey Map 68 E., of which the foUowing 
Memoir is a description, includes the two Quarter-sheets 68 N.E. 
and S.E. of the Ordnance Survey. 

The area was surveyed geologically, between the yeais 1 876 
and 1 879 inclubive, by Messra. H. B. Woodward and C. Reid ; the 
former being responsible for the south-western portion extending 
northwai'ds to Wolterton, Coleby, and Suffield. and eastwards to 
North Walsham and Worstead ; while the remaining and much 
larger portion was surveyed by Mr. Reid under the superin- 
tendence of Mr. Woodward. 

The chief interest of the district lies in the coast-section, where 
is exliibited perhaps the finest section of Glacial Drift in the 
country ; and where the later Pliocene (or " Pre-Glacial) *' deposits, 
including the well-known " Forest Bed " of Cromer, are also well 
displayed. The details of these beds have been carefully given 
by Mr. Reid in Sheet 127, Horizontal Sections, which is drawn 
on the scale of 18 inches to one mile. But even here the minute 
subdivisions cannot be separately shown, and enlarged drawings 
of various points of especial interest are therefore given with this 
Memoir. The coast-section varies greatly in appearance at 
different seasons ; it is, also, being worn back at an average rate 
of from two to three yards in a year. The accurate drawings 
now published will, therefore, be of value for comparison in future 
years. 

Owing to Mr. Reid's enthusiastic labours and to the assistance 
rendered by geologists resident in Norfolk, the list of organic 
remains from the Pliocene Beds has been largely increased ; the 
number of species being now more than double what it was 
previous to the Geological survey of the district. 

The Chalk fossils were identified by Mr. George Shaiman, 
and the Vertebrata from the later Tertiary Beds have been 
identified by Mr E. T. Newton, who, having determined several 
new forms, has devoted a separate Memoir to the subject. 

While Mr. Reid's lengthened observations entitle his theoretical 
conclusions to respect, it is but just to mention that he alone is 
responsible for the expression of such views. 

H. W. BRISTOW, 
Geological Survey Office, Senior Director. 

28, Jermyn Street, London, S.W., 
9th August 1882. 



AUTHOR'S PREFATORY NOTE. 



The Geological Survey of the country around Cromer having 
brought me inlo communication with many of the geologists of 
Norfolk, I gladly acknowledge the kind way in which in every 
case they have given me information. Though I have not always 
been able to accept their views, the discussion of them has often 
greatly assisted in the elucidation of the geology of this difficult 
district. 

To Mr. John Gunn, M.A, F.G.S., whose long and enthusiastic 
labours have resulted in the grand collection of fossil mammals 
now in the Norwich Museum, and to Mr. Alfred C. Savin, who 
in a few years has gathered together an extremely fine series of 
the remains at Cromer, I am especially indebted for numerous 
local details of the occurrence of fossils. In the determination of 
the specimens the work has been much assisted by the kindness 
of several naturalists, whose help has enabled me to attempt, 
what I have long hoped to prepare, a carefully revised list of the 
peculiar fauna and flora of the " Cromer Forest-bed," and 
associated deposits. The delay in the completion of this Memoir 
is due to the time needed for the determination of the organic 
remains. Mr. W. Carruthers, F.R.S., has examined the Plants ; 
Mr. H. B. Brady, F.R.S., the Foraminifera ; Dr. G. S. Brady, 
F.R.S., the Entomostraca ; Mr. G. Busk,F.R.S., the Polyzoa; and 
Mr. C. 0. Waterhouse, F.Z.S., the Coleoptera. The Mollusca have 
been revised by Mr. Etheridge and Mr. Sharman, who have also 
• determined the Chalk fossils. All the Vertebrata have been 
most carefully studied by Mr. E. T. Newton, whose Memoir 
on the subject will speak for itself. 

Mr. A. G. Natborst (of the Geological Survey of Sweden) 
kindly instructed me on the mode of occurrence, and method of 
collecting, the fossil arctic plants. In the stratigraphicaJ part of 
this Memoir I must acknowledge the assistance of the Rev. 
Osmond Fisher, MA., F.Q.S., and Messrs. S. V. Wood, F.G.S., 
F. W. Harmer, F.Q.S., and Henry Norton, F.G.S. ; and I woidd 



vi author's prefatory note, 

especially record my obligation to the published papers of Sir C. 
Lyell and Pro£ Prestwich. In various other ways I have been 
helped by Mr. Edgar Smith, F.Z.S., (of the British Museum,) 
Mr. James Reeve (of the Norwich Museum), Mr^ Thomas South- 
well, F.Z.S., of Norwich, Mr. Robert Fitch, F.S.A., of Norwich, 
and Messrs. E. R. Priest and W. G. Sandford, of Cromer. 

Clement Reid. 
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CHAPTER I— INTRODUCTION. 

Area, 

In this Memoir is described the north-east portion of Norfolk^ 
including Cromer, North Walsham, and Aylsham, and the cliffs 
between Weyboum and Eccles. The maps referred to are Sheet 
68 E. and a portion of Sheet 68 N.W. of the Geological Survey 
Maps. The total area is about 150 square miles. 

The chief geological interest of the district lies in the cliffs^ a 
section of which has been published on a scale of 18 inches to the 
mile. For more minute details, woodcuts of typical sections have 
been inserted in the text, and a folding plate has been added to 
this Memoir. 

Physical Geographt/. 

From Weybourn to Palling the rapidly wasting coast stretches 
for 23 miles without a single bay or point; the cliffs of 
mud and sand, which face the sea for the greater part of the 
distance, rising near Cromer to a height of 250 feet. This high 
land, which forms the most marked feature of the district, ranges 
from east to west, from the coast at Paston, to Weyboum, and 
thence beyond the tract under consideration to Holt and Wells. 
These hills, rising to a height of 200 or 250 feet, form a bold 
escarpment facing the North, running nearly parallel to the sea 
coast, and seldom more than a mile from it. On the southern 
side, the escarpment, being much cut up by tributaries of the Bure 
and Ant, is not so marked as on the northern. 

The southern portion of the area is occupied by undulating 
land cpnsiderably lower than the Ciomer Hills, so that from the 
Hills one can overlook most of the country as far as the Bure 
Valley. On the east the high land is cut off abruptly by a tri- 
butary of the Ant, beyond which appear gently undulating fields, 
becoming flatter and flatter till they reach the ** Broad " district. 

The drainage, with the exception of a small stream flowing into 
the sea at !Mundesley, and others still smaller at Cromer and 
Sherringham, is inland; the streams nearly all rising within a 
short distance of the coast, and flowing southward to join the 
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Ant and Bure. " The Bure, which rises in Melton Park near 
Hindolvestone, flows eastwards by Thurning into the area at 
Itteringham, and thence by Ingworth, Aylsham, Burgh, Brampton, 
and Oxnead. The river was rendered nayigable from Coltishall 
to Aylsham Bridge, by a bill which received the royal assent 
in 1773. The Ant rises near Antingham, and has been utilized 
in the formation of the North Walsham and Dilham Canal, 
which occupies its course by Honing and Dilhani to Wayford 
Bridge. Thence it flows through Barton Broad, and joins the 
Bure near St. Benett's Abbey.'' * 

'^ In exceptionally rainy seasons the alluvial valleys arc flooded. 
In the autumn of 1878, on Nov. 15, the day before the great 
flood at Heigham, the Staithe at Millgate, Aylsham, was flooded, 
and there was from 3 to 4 feet of water in the main road leading 
to North Walsham. The cottages known as Nash's Row had 
the lower rooms filled with water; and for several days the 
meadows on both sides of Aylsham were submerged." * The 
low-lying fens near Palling and Stalham are often flooded in 
the winter ; but the only permanent Broad now existing in the 
district is that of Calthorpe. Besides floods of rain-water, the 
low country at Eccles and Palling is liable to be submerged 
should the sea break through the sand hills. 

Formations, 

The following is a table of the strata described in thi? 
Memoir : — 

Blown Sand. 
Shingle. 
^ Alluvium, 
t '^ Submerged Forests." 
Newer Pleistocene J Loam or Clay. 

(Post Glacial)t - 1 Valley Gravel (Paljeolithic). 

Boulder Gravel. 

Gravel and Sand. (*' Middle Glacial " ?) 
Contorted Drift. 
Sands. 

2nd Till. ] 

Intermediate Beds. > Cromer Till. 
Ist Till. J 

Arctic Fresh-water Bed. 
Leda-myalis Bed. 

Upper Fresh-water Bed. 1 ,,„ xu j» 
"t^orestBed" (Estuarine). l^Forest Bed" 
Lower Fresh-water Bed. J ^®"«^' 
Weyboum Crag. 
Cretaceous - - Upper Chalk. 



Recent 






Older Pleistocene 
(Glacial Drift) -' 



Newer Pliocene 



* From Mr. Woodward's notes. 
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CHAPTER II.— CHALK. 

General Description and Details. 

Chalk is the fundamental rock over nearly the whole of the 
district ; but as this is covered by a great thickness of Glacial and 
Pre-glacial beds, and is either below or but a few feet above the 
sea-level, it can only be examined on a portion of the coast or in 
the Bure Valley near Aylsham. 

"In the latter district Chalk with flints is exposed in the 
valleys in the parishes of Aylsham, Burgh, Brampton, Marsham, 
Oxnead, Skeyton, and Lammas; the only pits now worked 
being at Oxnead, whence Mr. S. Woodward* recorded TAma 
r/ranulosumJ^'f 

At Weybourn the Chalk forms a cliff rising about 20 feet above 
high-water mark ; but towards Cromer the line sinks, till just east 
of that town it disappears below the sea-level. Chalk is only 
again seen for a short distance at Trimingham, where, however, 
it has been forced by glacial action much above its normal 
height. J 

Still further eastward, at Bacton and Happisburgh §, Eocene 
Strata are probably present ; but there being no direct evidence, 
their position can only be inferred from the thickness at 
Yarmouth, and the general lie of the l)eds in the East of England. 
Writers on Norfols geology mention exposures of Chalk at 
Mundesley and Happisburgh. There is Uttle doubt that by 
Mundesley the Trimingham section was meant, for none of the 
fishermen have seen Chalk at Mundesley ; and as they are con- 
stantly fishing and shrimping in the neighbourhood, they would be 
sure to find it if it were ever exposed, for the nets would catch on 
the flints. At Happisburgh a mass of chalk-rubble 2 or 3 feet 
long is included in the Boulder Clay on the foreshore ; this 
has very probably been mistaken for solid Chalk. Another cir- 
cumstance that might easily mislead is that some years ago, as we 
are informed by Mr. Humphreys, a vessel laden with Clmlk came 
on shore at Happisburgh, and before she could be got off about 
100 tons of the cargo had to be thrown overboard. Portion of 
this mass is still occasionally to be seen. 

Between Weybourn and Cromer the Chalk is eoft,|| with many 
flints ; in fact, at Kunton flints are so abundant that on the fore- 
shore they often form a nearly continuous reticulated pave- 

* Geology of Norfolk, p. 48. f From Mr. H. B. Woodward's notes. 

X See pp. 95, 115. § Fronounced Haisbro. 

IJ Immediately under the Crag, at one or two places near Sherring^m, the Chalk 
is, however, yery hard and splintery, like that of Antrim. This appears to be only 
an irregular metamorphism of Pliocene date. 
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Ant and Bure. " The Bare, which rises in Melton Park near 
Hindolvestone, flows eastwards by Thurning into the area at 
Itteringham, and thence by Ingworth, Aylsham, Burgh, Brampton, 
and Oxnead. The river was rendered navigable from ColtishoU 
to Aylsham Bridge, by a bill which received the royal assent 
in 1773. The Ant rises near Antingham, and has been utilized 
in the formation of the North Walsham and Dilham Canal, 
which occupies its course by Honing and Dilham to Wayford 
Bridge. Thence it flows through Barton Broad, and joins the 
Bure near St. Benett's Abbey." * 

'* In exceptionally rainy seasons the alluvial valleys are flooded. 
In the autumn of 1878, on Nov. 15, the day before the great 
flood at Heigham, the Staithe at Millgate, Aylsham, was flooded, 
and there was from 3 to 4 feet of water in the main road leading 
to North Walsham. The cottages known as Nash's Row had 
the lower rooms filled with water; and for several days the 
meadows on both sides of Aylsham were submerged." * The 
low-lying fens near Palling and Stalham are often flooded in 
the winter ; but the only permanent Broad now existing in the 
district is that of Calthorpe. Besides floods of rain-water, the 
low country at Ecclcs and Palling is liable to be submerged 
should the sea break through the sand hills. 

Formations, 

The following is a table of the strata described in thie 
Memoir : — 

Blown Sand. 
Shingle. 
^ Alluvium. 
[ ^* Submerged Forests.'' 
Uewer Pleistocene J Loam or Clay. 

(Post Glacial)t - I Valley Gravel (PalsBolithic). 

^Boulder Gravel. 

Gravel and Sand. (*' Middle Glacial " ?) 
Contorted Drift. 
Sands. 

2nd Till. ] 

Intermediate Beds, > Cromer Till. 
1st Till. J 

Arctic Fresh-water Bed. 
Leda-myalis Bed. 

Upper Fresh-water Bed. '} ,,^ xu j»> 
-*^orestBed"(Estuarine). l"Fore«t Bed- 
Lower Fresh-water Bed. J ^®"^»' 
Weyboum Crag. 
Cretaceous - - Upper Chnlk. 
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Older Pleistocene 
(Glacial Drift) -' 



Newer Pliocene 
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CHAPTER II.— CHALK. 

General Description and Details, 

Chalk is the fundamental rock over nearly the whole of the 
district ; but as this is covered by a great thickness of Glacial and 
Pre-glacial beds, and is either belovr or but a few feet above the 
sea-level, it can only be examined on a portion of the coast or in 
the Bure Valley near Aylsham. 

*^In the latter district Chalk with flints is exposed in the 
valleys in the parishes of Aylsham, Burgh, Brampton, Marsham, 
Oxnead, Skeyton, and Lammas; the only pits now worked 
being at Oxnead, whence Mr. S. Wojdward* recorded Lima 
f/ranulosumJ^'f 

At Weybourn the Chalk forms a cliff rising about 20 feet above 
high-water mark ; but towards Cromer the line sinks, till just east 
of that town it disappears below the sea-level. Chalk is only 
again seen for a short distance at Trimingham, where, however, 
it has been forced by glacial action much above its normal 
height. J 

Still further eastward, at Bacton and Happisburgh §, Eocene 
Strata are probably present ; but there being no direct evidence, 
their position can only be inferred from the thickness at 
Yarmouth, and the general lie of the beds in the East of England. 
Writers on Norfolk geology mention exposures of Chalk at 
Mundesley and Happisburgh. There is Uttle doubt that by 
Mundesley the Trimingham section was meant, for none of the 
fishermen have seen Chalk at Mundesley ; and as they are con- 
stantly fishing and shrimping in the neighbourhood, they would be 
sure to find it if it were ever exposed, for the nets would catch on 
the flints. At Happisburgh a mass of chalk-rubble 2 or 3 feet 
long is included in the Boulder Clay on the foreshore ; this 
has very probably been mistaken for solid Chalk. Another cir- 
cumstance that might easily mislead is that some years ago, as we 
are informed by mr, Humphreys, a vessel laden with Chalk came 
on shore at Happisburgh, and before she could be got off about 
100 tons of the cargo had to be thrown overboard. Portion of 
this mass is still occasionally to be seen. 

Between Weybourn and Cromer the Chalk is soft,|| with many 
flints ; in fact, at Bunton flints are so abundant that on the fore- 
shore they often form a nearly continuous reticulated pave- 

* Geology of Norfolk, p. 48. t From Mr. H. B. Woodward's notes. 

X See pp. 95, 115. § l^nounced Haisbro. 

Ij Immediately under the Crag, at one or two places near Sherring^m, the Chalk 
18, howeyer, yery hard and splintery, like that of Antrim. This appears to be only 
an irregular metamorphism of Pliocene date. 
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ment. Tabular flints are rare ; only three or four instances were 
observed, all of which were verticoj platea filling joints, in one 
case cutting through a paramoudra. From Old Hithe to Cromer 
paramoudras arc common ; and besides the ordinary flints and 
paramoudras there are numerous rings of flint, commonly 3 to 
6 feet in diameter, often coutoining smaller rings, with sometimes 
a jHuamondra in the centre.* {Ste Fig. 1.) 

Fig. 1. 
Plan of Concentric Rtngt of Flint on the foreshore at Runtoa. 



Setle 9 fbet to an incb. 




Perfect circles were measured up to 9 feet across; and one 
irr^^ular oval was 1 5 feet. These rings, when shown in plan on 
the foreshore, remind one much of the so-called "fairy rings'* 
Been in meadows. They are mere shallow rings, about 10 inches 
or a foot in depth, and not sections of cups, for when traced down- 
ward they never show a cup-shape or any tendency to n narrowing 
of the circle. Though sponges are very abundant, no definite 
connection can be traced between the shape of the sponge and 
that of the ring or paramoudra, for irregular spongea appear to 
occur indifferently in the Chalk or in the lint.t 

Fossils, except sponges, are not very plenliful, though Belcmni- 
tella mncronata and fragments of Inoceravius are common. A 
sponge {Spongia sp.) was obtained nt Runton, ivlth the homy 
portions replaced by pyrites, eo that the external surface and roots 
are almost perfectly preserved. From the general character of 
the Chalk it appears to correspond with that of Norwich ; but the 
Fossils have yet to be collected and compared. 

As far as can be ascertained, the dip is almost due east ; so that 
at the next exposure, at Trimingham, we ought to reach a higher 
zone. The Trimingham Chalk ie soft, mottled grey and white, 

* Mr. C. B. Boss statca that on Ibe beach at Shcrringham aod Runtoa "then 
U to be feen almoit b complete pavement of Paramoudraa I'li >i(u. I meanred 
tbe npper eztremity of one, which proved to be S feet in diameter." Proo. G«al. 
Auoe., vol. i., p. S30. 

t Set aho "Geology of the Country nroand Norwicb," bj H. B. Woodward) 
pp.S0-a5. 
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distinctly bedded, and distinguished from the Upper Chalk of the 
rest of Norfolk by the absence of paramoudras, and by the peculiar 
porous and spongiform character of its flints, — a character which 
enables us readily to distinguish them when included in Glacial 
gravels. One bed, about a foot thick, decidedly sandy,* is im- 
portant, as being the only example known in the East of England 
of a sandy bed in the Upper Chalk. Fossils are very abundant, 
the most conspicuous being the sponges, polyzoa, Ostrea larva, 
and the large Ostrea vesicularlSy which is also often found with the 
spongiform flints in Glacial gravels in more westerly districts.! 
A list from this locality is given below. All the species are Upper 
Chalk forms ; none characteristic of higher zones, such as the 
Maestricht Chalk, having at present been found. 

Probably the thickness of the Chalk over the whole district is 
nowhere less than 1,000 feet. At Norwich Messrs. Colmans 
well showed 1,152 feet of Chalk, and it commences at the bottom 
of a valley cut partly through that rock ; the total thickness would 
be nearly 1,200 feet. Between Weybourn and Eunton the beds 
correspond with those near Norwich, and if the general dip of the 
Cretaceous rocks is continued to Trimingham we ought there to 
have a thickness of no less than 1,400 or 1,500 feet, unless, as 
seems very probable, the lower beds may thin out in that direction. 
Owing to disturbance from glacial action and other causes, no 
very satisfactory dips can be obtained on the coast, but probably 
the anjrle becomes less and less as we travel eastward, and 1,300 
feet will be a suflicient estimate for the thickness of the Chalk at 
Trimingham, 

Fossils from the Upper Chalk at Trimingham-J 

Spongida : 

Ventriculites alternanSy Koem. 

Coscinopora globular is, D'Orb. 

Spojigia, sp. 
Foraminifera : 

Cristellariay ep. 

Nodosariay sp. 
Actinozoa : 

Parasmilia centralis^ Mant. 

Trochosmilia cornncopia, Duna 
Echinodermata : 

Ananchytes ovatuSy Leske. 

CidariSy plnte of. 

Cyphosoma Konigiy Mant. 

Discoidea cylindrica, Lam. 

Echinoconus ahbreviatuSy Desor. 

MicrasteVy sp. 

Pentacrinusy sp. 

Starfish y ossicles of. 

* See Fig. 13, p. 116. f 5«« P* 107. 

X Collected by C. Reid ; named by B. Etheridge and G. Sbannaa. 
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Annelida : 

Ditrupa, sp. 

Serpula ffranulata, Sow, 

sp. 

Vermicularia^ sp. 
Polyzoa ; 

Entalophora madreporacea, D'Orb. 

Lunulitcs regular is, D'Orb. 

Eschara echo, D'Orb. 
Brachiopoda : 

Crania Parisiensisy Defr, 

Magojs pumilusy Sow. 

Rhynchonella limbata^ Schlot. 

Tcrebratula cornea. Sow. 

Terebratulina gracilisy Schlot. 

striata, Wahl. 

Manomyaria : 

Inoceramtis, sp. 

Lima, sp. 

Ostreafrons, Park. 

■ " larva. Lam. 

vesicular is y Lam. 

Pecten, sp. 

Pinna sulcata^ Woodw. 
Cephalopoda : 

Belemnitella lanccolata, Schlot. 

mucronata, Schlot 

Pisces : 

Cimolicthys LewesiensiSy Leidy {=Saurodon Leahus 
of authors). 

From a single flint Professor W. J. Sollas obtained the following 
species of sponge spiculae* : — 

Discodermites cretaceus, Soil, 
Rhagadinia Zitteli, Soil. 
Eurydiscites irregulariSy Soil. 
Nanodisdtes parvus y Soil. 
Compsapsis cretaceay SolL 
Podapsis cretaceay Soil. 

parvoy Soli. 

Corallistes cretaceus, SolL 
Macandrewites Vicaryi, Carter. 
Corallistites f 
Pachastrellites fusifety Soil. 

■ globigery Soil. 

Tethylites cretaceuSy SolL 
Triphyllactis elegans, SolL 
Dercitites HaldonensiSy Carter. 

* Ann. Nat Hist, ser. v., vol. vi., pp. 384 and 437. See also remarks by 
Dr. 6. J. Hinde, *' Fossil Sponge Spicules from the Upper Chalk," p. 88. 
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Geodites cretaceus^ Soil. 
Rhopaloconus tuherculatusy Soli. 
Pachcena Hindis Soil. 
Scoliorhaphis f 
Bupkctella ? 

A number of Polyzoa were found in the Weybourn Crag at 
East Runton. These were sent to Mr. Busk, who has kindly 
looked through them, and states that they do not correspond 
with any known Crag forms. Mr. Busk suggests that the speci- 
mens may be derived from some Cretaceous bed, but they are too 
worn and fragmentary for definite determination. As the forms 
arc as yet unknown in the Chalk near Runton, it is worth placing 
on record the occurrence of these Polyzoa, even though their 
original horizon is undetermined. They appear to belong to eight 
species, doubtfully referred by Mr. Busk to : — 

Eschora ccnomana 9 D'Orb. 



sp. 

Like Siphonella subcompressay Hagenow. 
Melicerita f 

Like Membranipora cenomana, D'Orb., but not in- 
crusting. 

CcBleschara, 

Vincularian (very obscure). 

Something like Vinctilaria Santonensis^ D'Orb. 

Mr. H. B. Woodward has furnished a memorandum of other species recorded 
from Triminpfham by Samuel Woodward, the Rev. W. Foulger, Mr. Jukes- 
Browne, and Dr. C. Barrois, which include the following : — 

Guettardia angularis, T. Smith. (Norwich Museum.) 
Rhynchonella plicatilis, Sow. (W. F.) 
Baculites Faujasii, Sow. (W. F.) 
Bourgeticrinus ellipticus, Mill. (W. F.) 
Cardiaster granulosus, Goldf. (W. F., S. W.) 

rostratus, Forbes. (W. F.) 

Cidaris serrata, Desor. (C. B.) 
Cyphosoma elongatum, Cott. (C. B.) 
Pecten quinquecostatus. Sow. (A. J. J. B.) 
Serpula lumoricus, Defr. (C. B.) 
Vennilia macropus. Sow. (W. F.) 

striata, Woodw. P (W. F.) 

pentangulata, Woodw. (S. W.) 

Dr. Barrois also gives Serpula heptagona ? Hagenow, and a species allied to 
Ostrea JVegmanniana, D'Orb.* 

* " Recherches sar le Terrain Cr^tac6 Sup^rieur de I'Angleterre et de Tlilande," 
Mem. Soc. G4ol. du Nord, 1876, p. 165. 
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CHAPTER III.— NEWER PLIOCENE. 

Introductort/, 

Over the greater part of the district to which this Memoir 
refers there lies between the Chalk and the Glacial Drift a 
series of fluvio-marine beds belonging to the Newer Pliocene 
formation; none of which, with the doubtful exception of a 
thin bed at Burgh, appears to be as old as the Chillesford Cmg. 
Older Pliocene strata, however, may occur beneath the sea-level 
in the neighbourhood of Happisburgh. These fluvio-marine beds, 
with regard to the correlation of which an extraordinary amount 
of confuition exists, have been known for upwards of 1 20 years, 
and the literature of the subject is scatt<?red through about 100 
papers and books; but, notwithstanding, or perhaps because of this, 
their age and order of succession are still disputed points.* 

The Dest known member is the so-called " Cromer Forest-bed,'' 
celebrated for the number and variety of the fossil mammals 
which it has yielded, and for the presence in it of pre-glacial land 
surfaces. The relation of the " Forest-bed '* to the shelly Crag 
of Weyboum, and to the Chillesford Crag, has been much dis- 
cussed ; for the fresh-water beds are unknown in the neighbourhood 
of Nonvich, and most authors have overlooked the occurrence of 
the fossiliferous Weybourn Crag beneath the " Forest-bed " near 
Cromer. Lyell, however, as early as 1839, was aware that it 
occurred there, but in his later writings he makes the Weybourn 
Sands and the " Forest-bed " pass laterally into one another. 

On the coast the beds have received a great variety of names, 
among which may be mentioned " Forest-bed," Weyboum Sands 
(Lyell), Bure Valley Beds (S. V. Wood, jun.), Westlcton Beds 
(Prestwich), Mundesley Beds (Prestwich), aud Laminated Series 
(Gunn). But in all cases the lines of division, and in most even 
the order of succession adopted, are quite different from those arrived 
at in the course of the Geological Survey. In many instances 
beds of various ages have been confounded, or the same bed with 
changed lithological chatacter has appeared under several heads. 
The succession made out is given below, established names being 
as far as possible used. 

With regard to the terms which have been employed by 
different authors, it will be advisable to give a brief outline, 
showing which beds are referred to, and the reasons for the 
adoption or rejection of the names. 



* For a complete list of papers on the geology of Norfolk, $ee *< Memoir on the 
Geology of the Country around Norwich '* ; those marked f refeYring to Cromer 
and the neighhourhood. 
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The Norwich Crag (at Weyboum and Ctomer) of Professor 
Prestwich and other authors is generally the horizon called 
the *'Weybourn Sands," byLyell; the latter name, altered to 
Weybourn Crag, for the sake of uniformity, and because the beds 
are only partly sand, has been adopted. The " Chillesford Clay '' 
of Professor Prestwich, at Weybourn and along the coast, is at 
various horizons, but generally in the Weybourn Crag. The 
relation of the Clay at Chillesford and Aldeby to the Weybourn 
Crag will be discussed in the next chapter. 

The term " Forest-bed " cannot be traced to any one author, 
but has gradually grown into use. Though in many respects 
unfortunately chosen, it is better to accept the name than cause 
confusion by inventing a new one. Its application is very 
unsettled, almost every writer who has attempted a definition 
giving a different one, and differing as to the limits of the horizon. 
The term " Forest-bed Series '' is here used to include the whole 
of the fresh-water and estuarine beds between the marine Wey- 
bourn Crag and the Lcda-nv/aUs Bed. 

Professor Prestwich has classed together part of the estuarine 
** Forest-bed/' the Tipper Fresh- water bed, Lcda-myalis Bed, and 
Arctic Fresh-water Bed, under the head Westleton and Mundesley 
Beds. This name can scarcely be adopted, for the shingle at 
Westleton is now believed to belong to the Glacial Beds, and at 
Mundesley several beds deposited under quite different conditions, 
and showing marked changes of climate, are included. The term 
'' Mundesley Beds " is also of later date than any of the others 
brought forward. 

Mr. Gunn's " Laminated Series " appears to include any 
laminated clays between the Chalk and the Glacial Drift. 

It is not possible to follow Messrs. Wood and Harmer in their 
use of the tenn ^^ Bure Valley Beds " (on the coast) for beds 
newer than the '^ Forest-bed," and supposed to be equivalent 
to the Cromer Till ; for their typical Bure Valley fauna occurs 
below and not above the Forest-bed, and there is no evidence 
whatever that the pebbly gravels are in any case a beach 
deposit of the age of the Till ; on the contrary, they reach their 
fullest development in the same area as the Till, and vertically 
beneath it. Messrs. Wood and Harmer believe that the Crag of 
Weybourn passes over instead of under the " Forest-bed," and the 
former is classed by them with the Lower Glacial Beds, while 
the latter, though newer, is included in the Pre-glacial Series. 

Professor W. King's term " Lcda^myalis Bed " (called by him 
Lcda-myalis Clay)* is adopted for the marine bed above the 
" Forest-bed,*' as it is the only name which has been proposed for 
that restricted horizon. Various local terms have been used for 
single beds, but these will be discussed with the particular sections 
to which they apply. 

* Geologist, Tol. yi., p. 169. 
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The subdivisioDfl of the Newer Pliocene Strata referred to in 
this Memoir are as follows : — 

Lcda-imjalis Bed (Prof. W. King, 1863). 

Upper Fresh-water Bed (C. R., 1877)1 ,,^ , , , 

-t'orest-bed-CEstuarine) - \ "Forest-bed 

Lower Fresh-water Bed (C. R, 1880) J ^®"^^- 

VVeyboiim Crag (Lyell, 1873). 

Chillcsford Crag ? 

The various beds on the coast will be described in succession, 
commencing at Weybourn and tracing them to the cast and 
south. Afterwards the inland sections will be mentioned, about 
the exact correlation of which, from their isolated position, the 
scarcity of fossils, and the absence of intervening fresh-water bed», 
there is much difficulty, and, as far as possible, their relation to 
the coast section will be indicated.* 

* The inland sections in the Bare Valley and south-west of the Ant have been 
examined and described by Mr. H. B. Woodward ; for the notes on the remainder 
I am responsible. — C. R. 
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CHAPTER IV.— WEYB9UEN CRAG. 

Commencing with the lowest bed seen on the coast, we find 
resting directly on the Chalk at Weyboum, shelly sand alternating 
with laminated clay, and becoming more clayey as it is traced to 
the south-east. For tins restricted horizon the term *' Weybouru 
Crag" has been adopted. In describing this Crag it will be advis- 
able to commence at Weyboum, where a definite base is seen, 
and follow it along the coast to the south-east till it is lost beneath 
the sea-level. 

Details, 

Weyboum. — At Weyboum, and wherever the surface of the Chalk can be 
examined, there is nearly always a bed of larj^e unworn or little worn flints at 
the base of the Crag. This is the " stone-bed '* of Norfolk geologists, but it 
does not necessarily belong to any one horizon ; exactly similar beds of unworn 
flints are now being formed from above low-water mark to about 10 fathoms, 
and are caused merely by the wearing away of the soft Chalk. The " stone- 
bed " is not formed by the subterranean dissolution of the Chalk, for among the 
flints we often find bivalves in the position of life, and beneath them the 
Chalk is here and there bored by Pholas and Saxicava,* 

About 30 yards east of the flagstaff at Weybourn the Crag is abruptly cut 
off by the Contorted Drift, which at that point ploughs into the Chalk. Here 
and fot some yards further, sand and Chalk rubble mixed with marine shells 
are seen, but so much disturbed that nothing definite can be made out. At 
100 yards, at the point where the Boulder Clay first appears on the top of the 
cliff, the base of the Crag, and the stone bed which rests on a ver}' uneven 
surface of Chalk, are full of littoral shells. This is at present the most con- 
venient spot near Weyboum for collecting, though the shells are confined to 
the lower 2 or 3 feet of the Crag. About 30 yards further east we have the 
following section, but no shells could be found : — 

Feet. 

Soil - 3 

Valley Gravel - - Loose angular sandy gravel - - 10 

Contorted Drift -{t^'Zi,,^ - ' .' '. \ 

Upper Fresh-water Bed Laminated sands and blue loams - 3 

Land surface - - Weathered stony loam penetrated by roots 1^ 
W^boum Crag orT 
Estuarine'' Forest- > Disturbed sandy grayel without fossils - 5 
bed " - - J 

Chalk with a very uneven surfSeu^, and occasional pipes filled with manffanese. 
In the neighbourhood of Weyboum it cannot be said definitely whether the 
whole of the beds between the Fresh-water Bed and the Chalk belong to the 
Weyboum Crag, or whether the upper unfossiliferous portion may not m places 
include the estuarine division of the Forestrbed. There is certainly here and 
there a line of erosion between them, but this by itself goes for nothing in such 
shallow water deposits ; similar lines of erosion are abimdant all uong the 
coast, and generally only show contemporaneous erosion and filling up. 

* See also remarks in the Memoir on the *'Greolog7 of the Countij around 
Norwich," by II. B. Woodward, pp. 88-40. 
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At 1/0 yards from the flagstafp the beds shown are : — 

Feet. 
Soil - * - - - ... 2 

Contorted Drift - Stony loam with thin seams of marl -11 

Forest-bed P and Wey- f ^^°J^ ^^^^'^"^ ^""^^ "^""f "^^^ !} S 

^^ " " L Laminated loam full of marine shells - 2 
Chalk with flints. 
A few yards east of this section the clay ^\nth shells dies out, and the chalk 
shows pipes of manganese-ore. 
The next section of importance is shown in Fig. 2 (p. 13). 
Here a marked bed of laminated loam about 2 feet thick occurs near the 
base of the Crag. This has been correlated by Prof. Prestwich with the 
Chillesford Clay, but both east and west of this section it soon dies out, and 
is replaced by sand, other clay beds coming on at different horizons. Tht 
shells, which are a ^ood deal decayed, arc at this point confined to the stone 
bed and sand ])eneatn the clay. 

For 150 yards the graverwith quartzite pebbles appears to cut out the 
Crag, and rest directly on the Chalk ; but about a quarter of a mile from the 
cliff end shelly Crag again appears, and the gravel rises till it has entirely 
thinned out against the Boulder Clay. At this point (about 170 yards west of 
the marl pit at the edge of the cliff) the following section is seen : — 

Feet, 
Soil - - - - . - - 2 

Contorted Drift - Obscurely bedded stony marl - - 14 

r Alternating thin clays and sands with ] 
seams of much decayed shells in the > 10 
-nr u n J lower half - - - J 

Weyboum Crag --^ Stone-bed ^vith marine shells and a 1 

I quartzite boulder about 10 inches [• 1 
L in diameter - - - J 

Chalk with lines of flints. 
For a considerable distance there is no further change in the beds, and the 
clay-seams are evenly distributed throughout the Crag. Wherever seams of 
shells are divided by laminated clay, collections have been made from each and 
the results compared, but they all seem clearly to belong to the same horizon. 

Still travelling eastward, at about 1/0 yards east of the marl pit, the CrtLg 
has thickened to 19 feet, and maybe descnbed as false-bedded sanas alternating 
with thin clays. Only the lower 3 or 4 feet is shelly, though it is not impro- 
bable that shells have existed in the upper part, but are now entirely dissonred 
away. Another 100 yards and the Crag consists of well-laminated loams and 
sands, with the shells confined to the base and the stone-bed. A short distance 
further we find pebbly sands with a few seams of loam, (perhaps at this point 
the Forest-bed gravels come on again, but there is a good deal of talus which 
obscures the section,) and the beds continue with this character as far as the 
road to the beach, patches of shells being occasionally seen near the base. 

East of the road the shells extend nearly to the top of the Crag, but there 
is no change in the lithological character. At one spot in the stone-bed, 
underneath a mass of shells, there was found an angular boulder of bedded 
brown sandstone, a foot long, of unknown origin. About 160 yards from the 
road the section shows pebbly sands, with thin seams of clay near the base, and 
clay mixed with the stone bed. 

For a quarter of a mile the cliff is hidden by talus, but the Weyboum Crag 
is again seen about 130 yards east of the next gap. Here we have the following 
beds: — 

Feet. 
Soil - • - - - - - about 1 

Contorted Drift - Contorted stony loam and marl - 13 

{Sand with scarcely any loam: shells] 
nearly throughout, hi it a fragment > 9 
of mammalian bone was obtained • J 
Laminated clay - - - 1 

Stone-bed • - - - i 

Chalk. 
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Within 20 yards the section alters to : — Feet. 

Sand without shells - - - - - - 7 

Sand with shells - - - - - 3 

Laminated clay with shells - - - - 5 

But following it a few yards further the thick bed of clay has died out 
altogether, and under the marl pit we find alternating sands and thin clays^ 
without fossils and without any conspicuous clay bed. 

The Crag now becomes false-bedded and gravelly, and contains beds of clay 
pebbles at several horizons. Clay ])ebble8, which are very common in most 
shallow water and estuarine deposits, cannot by themselves be accepted as 
showing lines of unconformity; for in most cases they only point to contem- 
poraneous erosion and filling up, and in several instances there are two or 
three beds, one above the other, separated by evenly bedded clays or shelly 
sands, all belonging to one horizon. 

At a quarter of a mile east of the marl pit, a mass of clay is again seen a short 
distance above the Chalk, and the section is as follows : — 

Feet. 
Soil - - - ... - I 

Contorted Drift ./Contorted stony loam and marl withl 35 

i. masses ot sand - - -J 



fFalse-bedded sand with a little gravel \ 
I and loam - - - -J 



Weyboum Crag --^ StifP-bedded blue clay with fragments 1 c 

I o{ Mytilus - - - -J 

LStone-bed, full of fossils - - i ' 

Chalk with flints. 
But the clay dies out entirely within a few yards in each direction, and 90 yards 
further east the Crag consists entirely of false-bedded sands with a few clay 
pebbles. At this point a quartzite boulder 18 inches long was found in the 
stone-bed. 

Nothing of interest is now seen for a considerable distance ; there are slight 
changes in the lithological character of the beds, but none of importance, and 
fossils are scarce and badly preserved. 

Lower Sherringham. — About a quarter of a mile east of Old Hithe a day 
bed is again seen near the base of the Crag, extending 150 yards, and then 
passing into sands. Shells are here conmied to the stone bed and sandy 
seam beneath the clay. 

Under Skelding Hill the Crag is cut out for 100 yards bjr the Boulder Clay, 
but at the foot of the eastern slope of the Hill the section is : — 

Feet. 
Boulder Clay 

Leda-myalis Bed ? — Sand, gravel, and loam - - 13 

r Shell bed (shells much decayed) - k 

Weyboum Crag - < Ferruginous sand with loamy seams - 6 

L Stone-bed cemented by iron -oxide - i 
Chalk with the surface bored by Pholas. 
Probably the 1.') feet of sand under the Boulder Clay belongs to the Leda^ 
myalls Bea, but there is so much talus that the connection cannot be traced. 

Nearly under the style at the edge of the cliff, a quarter of a mile west of 
Lower Sherringham, a very im])ortant section is seen, out at this spot only the 
base of the Weyboum Crag is preserved : — 

Feet. 
Boulder Clay 

Leda-myaKs Bed - { J^,?J^^ *""' f ""^ ' "**'" ^\^^ [ ^^ 

Forest-bed f ^^^^ dark-blue clay, with drift wood and 

(estuarine division) - 1 ""^^^^ cakes of peat, bones and teeth 
^ ^ " L of elephant, and antlers of deer - 3 

Weyboum Crag — " Pan " crowded with shells* - - li 

Chalk with flints. 



* " Pan," or ** Iron-pan," is a local name for ftrruginoos conglomerate, or gravel 
cemented by iron oxide. 
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This section is only a few yards east of the bed of oysters mentioned in 
Chap. VI. ; the oysters occur in the gravel at the base of the LedtHnyalis Bed. 

From this point to Sherringham the Weyboum Crag is represented only by 
the stone bea, and sometimes a foot or two of sand and day, but it is very 
shelly, with exceptional abundance of species of Astarte {A, boreaUs, and oval 
variety, A. sulcata. A, compressa). 

From Sherringham to Beeston the Crag is also thin, and only contains local 
patches of shells. {See plate at the end of this Memoir.) Between Beeston and 
West Runton Gap, for a considerable distance, it is cut out by the Contorted 
Drift, and where preseri'ed it is usually hidden under the beach, but at the 
latter i)lace it can often be seen on the foreshore, and is very fossiliferous. 

Runton. — The stratigraphical relations of the Weyboum Crag at Runton 
will be best understood by reference to the plate at the end of this Memoir. It 
is often very difficult to say whether an isolated exposure should be referred 
to the Crag or to the Forest-bed, for here they are both shelly, though the 
Forest-bed is the more decidedly estiiarine. Another difficulty is that me line 
of junction is usually hidden by the beach, but wherever it can be examined it 
shows distinct erosion. In the neighbourhood of Runton there is Dearly always 
in the stone bed on the chalk a quantity of My a arenaria and Tellina ohliqua 
in the position of life. This bed must not be confounded with the bed con- 
taining Mya truncata shown at the base of the Leda myalls Bed in the cliff. 
Between East and West Runton Gaps the Weyboum Crag is represented by a 
few feet of shelly sands and clays on the Chalk, overlaid by the estuarine clays 
of the Forest-bed. Opposite Wood Hill several indeterminable fragments of 
mammalian bone have been seen. 

From East Runton Gap to Cromer the Crag is generally hidden by shingle 
and sand, but with certain winds it is laid bare on the foreshore, and some 
of the most important sections on the coast are shown. Commencing at the 
Gap, the Forest-bed there cuts down to, or nearly to, the Chalk, but it soon 
rises a few feet, and shelly sands alternating with clay are seen on the foreshore. 
For about 100 yards there is a mass of ferruginous Crag, 2 or 3 feet thick, 
principally coniposed of broken shells, and containing in extraordinary abun- 
dance Tellina Balthica, For some yards further the Crag is very shelly, but 
being generally cemented into a hard mass, it is difficult to collect from it. 

At a quarter of a mile south-east of the Gap the character of the deposit changes 
to an iron-grey shelly sand, often sufficiently loose to be sifted. This bed, only 
occasionally visible on the foreshore, is by fiar the most foesiliferoua ezpoeure 
known ; it has yielded every species of marine shell known from beds of this 
age in the coast section, besides a number as yet only found at this locality. 
To a large extent, however, the longer list of fossils from it is due to the facility 
with which it can be sifted, and to the f&ct that during the progress of the 
Geological Survey a considerable quantity of material was taken away and 
examined. This may be accepted as a typical section of the Weyboum Crag, 
for there can be no doubt as to its stratigraphical position ; for when the beach 
is low the Forest-bed may be seen vertictdly above it, and separated from it by 
a mass of rolled clay-peboles. The section is as follows, but tnere is some doubt 
as to the exact thickness of the beds : — 

Feet 
fLaminated clay full of lignite, small twigs, 
I and occasional fir cones, and firagments 
"Forest-bed" .< oiMytilus - - - p 

Mass of rolled clay-pebbles on uneven sur- 

fitce of - - - - - P 

""Grey shelly Cna, in the lower part alter- 
nating with tnm loams 
Weyboum Crag -< Bed of unworn flints mixed with day, and 

containing Mya arenaria and Tellina 
l^ obliqua in the position of life 

Soft Chalk with paramoudras and rings of flint. 

The fossils given in the table at p. 18 from East Runton are all from this 
spot. It is noticeable that the bed indicates not only deeper water than the 
Crag at Weyboum, but more estuarine conditions ; the cnaracteristic Newer 
Pliocene fanff-toothed vole (Armcola intermedius, Newton) being very abundant, 
and land and fr«»h-water shells not uncommon. Still farther south-east, and 
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the resemblance between the two faunas is equally marked, for a 
large majority of the species are the same in both, and there is 
scarcely so great a difference between the lists as is generally 
found on comparing the fauna of the most modern raised beaches 
and the recent fauna of the adjoining sea?. It therefore appears 
that while the ^^''eybourn Crag must be separated from the 
Chillesford Crag as a distinct horizon or zone, it cannot without 
violence be removed from the Newer Pliocene division and classed 
with the Glacial Deposits. 

The question whether the Weybourn Crag as a whole may not 
be the equivalent of the thick bed of clay at Chillesford and 
Aldeby, must for the present be left open. There is little palaeonto- 
logical evidence, and laminated clays of similar character occur on 
so many horizons that it is unsafe to attempt to identify them by 
lithological resemblance alone. 
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CHAPTER v.- FOREST-BE I). 

Historicni. 

For many years the deposit now generally known iis the " Cromer Forest- 
bed " has Seen celebrated, and a mere list of the jmju'rs referrinj; to it would 
occupy several paf^es.* It will be Ijest therefore siinj>ly to give an outline 
of the literature of the suliject, noting all important papers, and mentioning 
the earliest discovery of any new fact. 

Though the teeth of elephants found near Cromer were known from an 
earlier period, the first published notice of the '* Foresl-bed " w:is in 17-i<> by 
W. Arderon, in which he mentions '*the root^ and trunks of trees which 
are to be seen at low water in several places on this coast near Hasborougb 
and Walket [Walcot]," and also mentions the fossil boiics.t 

It is, however, to Richard Cowling Taylor that we owe the first description 
of the beds. In a communication dated Aug. 14, 1S22,J: he states that " from 
Happisburgh, to the North of Cromer, may be traced, at inten*als, along 
the base of the clay cliffs, a remarkable stratum containing an abundance 
of fossil wood and the bones of large herbivorous animals mineralized with 
iron, llie thickness of this singular l)ed does not exceed two feet, and 
frequently not more than one. It varies in its material, from a red 
ferruginous sand to an ochreous coarse gravel cemented by iron.** [Taylor 
appears only to have seen sections of the hard ferruginous conglomerate often 
called the " Elephant Hcd." j •* The stratified organic remains in the cliff of 
East Xorfolk arc buried beneath beds of blue clay, earth and sand, from 80 
to UK) feet in thickness." lie also alludes to a letter by Sir'I'homas Browne, 
written in 1()5!), on the head and bones of a very large fish at Ilasbro,§ 
aj)parently as referring to the same deposit ; but this is probably a mistake. 

In another paper, in 1S2I,!| Taylor gives a still further description of tlie 
beds, mentions ** stumps of trees n)oted into the stratum," and considers the 
*' Forest-bed *' as *' occupying the position usually assigned to the crag or 
ujjper marine formation;*' but in this paper he alsocorrelate-i the shelly gravels 
ill the (ilacial Beds with the Crag, and includes the BuuMer C!lay in the 
" uj)per marine formation." 

JSamuel Woodward, in his *' Outline of the (ieology cif Norfolk," published 
in IH.'J.'^, appears to have been the first diijtinetly to separate the ** Forest-bed " 
from the Drift, but in his table of Strata he places ii beiunth the Xoiwich 
Crag. 

Sir C. Lycll in 1840 gave a long descrijjtion of the beds, but stated that he 
" was not so fortunate eitlierhere or elsewhere on this coa?t as to see the stools 
of trees erect in this stratum, but so many inde])endent eye-witnesses have 
lately described them to me with such, minuteness as to leave in my mind 
no doubt of the fact.*'^ 

The Rev. Charles Green, in his "History, Anti()uities, and Ccoloffy of 
Baeton,*' published in IH 12, gave some valuable local notes; but he divided 

* For full list see Appendix to the Memoir on the *' (ieology of the Coantrv 
around Norwich.'* pj). 171 to 204 ; thosr marked f rfferriiig to the neighbouiiiood of 
Cromer. 

Extract of a lelti-r contaiuing Observations on the J*rLMMpire.s or Cliffs ou the 
K.K. Seacoast of the County of Noiiolk. — I'liil. Tnnis., auI. xliv., pt. l,No. 481, 
p. '27o. 

X " Fossil Boni'S on the Coat! of Fast Norfolk." — IMiiJ. Mag., \ul. Ix., p. 132. 

§ .S'«r alftn Kxeursions in Norfolk, ]H\i*, vol. I, p. 121. 

!, •* lleniarks on the Position of th«" rppcr >lannc' Formation exhibited iu the 
Cliil^ on the North-east Coast of Norfolk."— Phil. .Mag., vol. Uiii., ).. 81, 1824. 

• " (.>n the 15oul<Ur Formation, or iliift and assoiiatid Fn>h Water DcpOisIts, 
CoD'pobing the Mud Clitt"** of Eastern Noifolk."-- Thil. Mag., Ser. 3, vol. xvi.,p. 315. 
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*;he '* rorest-bed" into Eocene, Older Pliocene, and Newer Pliocene, and his 
statements are not always trustworthy. In 1815 Joshua Trimmer noticed the 
bed of Mya truncatn over the Fresh-water Bed at West Runton.* Prof. Owen, 
in his ** History of British Fossil Mammals and Birds,*' published in lb'4(), 
described and tijjured many *' Forest-bed " specimens. 

Prof. Prestwich in 18(ilt cleared up a point which had lead to great confusion 
in most previous papers, by pointing out that at Mundesley there are two 
totally distinct Fresh-water Beds, — one beneath, the other above, the Boulder 
Clay. This section had previously been taken as proving the interstratification 
of the Forest-bed and Drift. 

In the first edition of Lyeirs " Antiquity of Man," published in 1863, a 
long description of the "Forest-bed" is given, and he says that "Thirty 
years ago when I first examined this bed I sa^v many trees with their roots 
m the old soil laid open at the haae of the cliff* near Happisburgh." But on 
comparing this with his paper of 1840 it is seen that the statement must be 
erroneous, for in the earlier account he distinctly says that he did not see 
them. {See observations in Mr. Norton's pa])er mentioned further on.) 

Mr. John Gunn in 1864, in his " Geology of Norfolk," divided the beds on 
the coast into Norwich Crag, " Forest-bed," and Laminated Beds. From 
1865 to the present date a series of papers has been published by Mr. S. V. Wood, 
jun., whose classification of the beds has already been referred to (p. 9). 
The best general diagram of the coast between Happisburgh and Weybourn, 
was published by him in 1865, in a pamphlet privately printed. A valuable 
account of the beds was given in 1868 by the Rev. O. Fisher. J Prof. Prestwich 
in 1871 gives a description of the coast section, and suggests the name 
" Westleton Beds " for the higher portion of the Pre-glacial Serie8.§ 

In the supplement to the Crag Mollusca by S. V. Wood, published in 1872, 
there is an Introductory Outline on the Geology by Messrs. S. V. Wood, jun., 
and F. W. Harmer. Sections are given to support their view that the "Bure 
Valley Beds " overlie the " Forest-bed," — the Crag beneath it, mentioned by 
Lyell and other writers, not having been recognized by them. 

An important ])aper by Mr. Henry Norton, unfortunately only to be had 
as a reprint from the Norwich Mercury of Nov. 5th, 1877, questions, for the 
first time in print, the e^'idence on which the trees in ,the " Forest-bed," are 
stated to have been found rooted in the soil, and draws attention to the 
unsatisfactory nature of the evidence on which they are accepted as being in 
place. In the same year the writer of this memoir published a paper in which 
the Leda myalis Bed was separated from the Forest-bed, while reasons were 
brought forward to show that the latter was not a land surface; and in 1880 
another short paper gave the classification adopted in his Memoir.|| In 1880 
Mr. J. H. Blake read an address before the Norwich Geological Society, in 
which he maintained the importance of the ** Rootlet Bed " as an horizon, and 
expressed his opinion that it was the only bed showing evidence of land-growth. 
(See also letter by C. R. in Geol. Mag., Decade II., vol. viii., p. 382.) 

General Description, 

From the above outline it will be seen that our knowledge of 
the " Forcst-bcd " is of very gradual growth, and even now such 
a primary point as the relative order of it and the associated 
Crag beds is considered by many a debateable question. This 
difficulty \^ in great measure owing to the fact that the beds 
during the summer time, when geologists generally examine the 
coast, are almost entirely bidden by the beach, whereas it is only 



* Proc. Geol. Soc., vol. iv., p. 435 ; Jouni. Roy. Agric. Soc, vol. vii., p. 444, 1847. 

t *' On some New Facts in Relation to the Section of the CIi£f at Mundesley, 
Norfolk." — Geologist, vol. iv., p. 6S. 

X On the Denudations of Norfolk. — Geol. Mag., vol. v., p. 544. 

§ <' On the Structure of the Crag-Beds of Suffolk and Norfolk." Part III. The 
Norwich Crag and Westleton Beds. — Quart. Joum. Geol. Soc., vol. zzvii. p. 452. 

II Geol. Mi^., Decade II., vol. iy., p. 300, and vol. rii., p. 548. 
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during the winter and oqinnoctinl gales* that clear exposures can 
usually be found. Having si>ent four winters on tlie coast study- 
ing the cliffs and adjoining country^, and making detailed notes 
of every section directly it was laid bare, I think I may be 
exonerated from the charge of hastily forming the conclusions 
here given, though in some respects they do not agree with those 
of other observers. 

Where most complete, the so-called " Forest-bed '' consists of 
three divisions, — nn Upper and a Lower Fresh-water Bed, and 
an intennediate Estuarine deposit. But the Lower Fresh-water 
Bed is very seldom preserved, though its flora is well known from 
the quantity of Pholas-hored cakes of jieat and clay-ironstone 
found in the Estuarine Beds, and derived from the breaking up 
of the underlying deposit. The relation of the Lower Fresh- 
water Bed to the Estuarine " Forest-bed " seems to be somewhat 
similar to that of the recent ** Submerged Forests " of estuaries 
to the deposits now forming in the same localities, in part from 
their destruction. 

The middle division, which is more particularly the " Forest- 
bed ** of Norfolk geologists, least deserves the name ; for wherever 
it can be studied, it is distinctly estuarine, though from con- 
taining large quantities of drifl wood, and especially stumps of 
trees, many have accepted it without hesitation as a land-surface. 
It is from this division that most of the large mammalian remains 
have been obtained. 

The upper surface of these Estuarine Beds is in many places 
weathered into a soil and penetrated by small roots (hence the 
name Rootlet Bed*), and here and there it is covered by, or eroded 
hollows in it are filled with, lacustrine deposits. These form the 
Upper Fresh-water Bed, in which most of the small bones and 
fresh-water shells are found. 

It will be seen that though a land-surface does occur in the 
Pre-glacial deposits, it does not correspond with the horizon to 
which the name " Forest-bed " has been more especially applied. 
It is not improbable that there may be another land surface 
beneath the Lotcer Fresh-water Bed, for in one place the Wey- 
bourn Crag below the "Forest-bed" has a rather weathered 
appearance; hut of this one cannot be certain. As the question 
whether the tree-stumps are or are not rooted in the " Forest- 
bed " has been much discussed, it will be advisal)lc to give a brief 
outline of the reasons which have led me to the latter couchision. 

Though many of the published accounts of the '* Forest-bed" 
ai)pear at first sight very circumstantial, it is singular that no 
one appears to have compared the so-called soil with recent soils. 
If this had been done it is certain that the error which has 
arisen would in most cases have been avoided ; for where the 
tree-stumps are imbedded in clay, the clay is well laminated, 

♦ Attention wa«? drawn to this bed in 1870 by l*rof. Prestwich (Quart. Joom. 
Geol. Soc, vol. xxvii., p. 46.3) ; and subsequently by Mr. Gunn (/6irf., vol. xxzii.^ 
p. 124), and Mr. Blake (Geol. Mag., Decade II., vol. iv., p. 298). 
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undisturbed, and unweathered — which would not be the case had 
it been exposed to the air and to the burrowing of worms, and 
had thick root^ forced their way into it. A second point is that 
in every case (and upwards of a hundred of the stools have 
been pulled up and examined at different localities) the roots 
do not end in small fibres, but are broken off, generally from one 
to three feet from the stem, and the ends are either rounded or 
frayed out. Taking as one of the typical instances the locality 
at Overstrand visited by many geologists on an excursion of the 
British Association in 1868, when a stool was dug up and placed 
in the Norwich Museum,* the writer found the bed to consist of a 
ferruginous quartzite-gravel mixed with some clay, and containing 
a large quantity of wood and many tree-stumps. None of the 
pieces of wood around or under the stumps were particularly 
rotten, as would be the case had they remained a short time in 
a soil on which vegetation was growing, and the bed was not 
weathered. Several stumps were dug out, and it was found that 
all the roots ended abruptly. Unfortunately the roots have been 
cut oflf the specimen in the Norwich Museum, to allow it to be 
placed in a case ; the whole stump has, however, a battered look, 
unlike one that had been merely silted up in its natural position. 

In a few instances, in cavities between the roots of stumps 
but little damaged, remains of a peaty loam, such as generally 
forms the soil in a fir forest, are seen, and yet the matrix in which 
these stools were imbedded was laminated clay. Some stools 
have the bark preserved in hollows, while it is worn off in exposed 
places. It is remarkable that a large proportion of lop-sided 
stumps (i,e. stumps with all the roots growing from one side) are 
found. This would be inexplicable were the general description 
correct of the way the trees grew on the level surface of the pre- 
glacial soil ; but when we consider them to have been drifted, it 
is just what might be expected, for many would have grown out 
of the eteep river-bank, and been undermined and carried away 
by the current. 

For a long while the statement that the roots had been found 
interlacing was puzzling, but a group near Triraingham showed 
that this observation might be accurate, and yet the trees be 
drifted. In Fig. 3 (p. 24) the stumps A and B have their roots in- 
terlacing, and have grown together so firmly that they cannot be 
parted without breaking. C is a third stump of fir entangled with 
the others, but nearly upside down ; it appears to have grown out 
of a steep bank. The extremities of the roots and stem were in 
each case worn or broken off, and the stools were imbedded in a 
mass of clay pebbles and lignite, covered by laminated clay, which 
had to be cleared away before the trees could be properly examined. 
It therefore appears that all these stumps have probably been 
washed away by the wasting of the river bank, and settling, 
generally in an upright position, as we should expect from the 
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greater ilensity of the roots ami from the weight of tlie alhorin;; 

woil, they have formed " snags " in the river, sucli as are consbintly 

met with in $>trennis flowini^ thri>ugli n foresl-clad country. 

Fig. .). 

Pian if a Group of Trees in the Foresl-bril al Trimiagh'im. 

Scnlt, 3 fi'et to iin inch. 




Detaih of the Seelioai. 



tVef bourn. — In tlie ne'iKhbourhood of Weybourn the I^wer Fresh-w&ter Red 
appeari to h&ve been overlapped ; at any rate no trace of it can be found. The 
ijuartzite-grsveld, beloaginf^ probably to the middle Kstiiarine division of the 
" Forest-bed," are almost unfoaailiferoua, nothing havin)^ been found in them 
at thia locality exce[)t one or two fragments of lione and pieces of wood ; theb- 
mode of occurrence is shonn in Fig. 2. AIjovc tliem, I'nr rather more than 
i mile east of the Coastguard Station, there are rri'ili-wattT peaty loaini 
l>elongin(; to the Upi)cr Fresh-water Ited, lying in sli^'htly eroded hollows cut 
off above by the Boulder Clay, so that we cannot say whet her they arc portions 
of a once continuous lacustrine deposit, or were I'urnieil in ai-parate ponda. 
Beneath these, the beds are penetrated by small roots too much decayed for 
microscopic examination. Atone spot only cuuld any fossils be obtained. Just 
iiUI) ^iras E. of the flapstaff a peaty seam yielded in abundance Cfprit 
BroiBiiiaita and ojiercula of Bylhiaia : but all purely culcareoiis tussils lutve 
disappeared, havinK been dissolved, as Mr. llristow sugK^'s, by the peaty 
water. Shells must originally have been al)unilant, for a laiye i|uantity of 
the homy opercula were obteined by washing a little u( the loam. A few 
yards further east the (iitartzite gravel rises and thins out against the Boulder 
Clay. 

It is worthy of note that at Weybourn, under the Upper Fresh-water Bed, 
the surface of the Chalk is very irregular and much piped, [n several places 
the Pliocene Beds have subsided into holbws, but the Buuldcr Clay continues 
across undisturbed, jiroving the piping to be pre-glaciul. F^t of the point 
where the Fresh-water Beds disapjiear the surface of the Chalk becomes much 
more regular. 

LoKer SAerrinoiafn.— Xo further exposures that csn definitely be referred to 
the "Forest-bed occur till within J mile of Lower Shcrringham. Here we have 
the section given at p. 14. The " Forest-bed " conaiats of 3 feet of stiff 
dark-blue clay and clay-pebbles, with drift wood, small cakes of peat and 
decayed leaves, teeth of elephant, and antlers of deer ; but no shells could be 
fonmd. This section is interesting, because, ai the Rev. 0. Fisher has p<Hnt«d 
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out,* it is the most westerly exposure of the typical " Forest-hed." The cakes 
of peat included in it also appear to point to the destroyed Lower Fresh-water 
Bed. The quartzite gravels, which seem nearly everywhere to form the upper 
part of the Kstuarine division, and often overlaj) the clays, appear to have been 
at this point cut out by the heda my alls Bed. 

From here to Sherringham the section is much obscured l)y talus, but one 
or two somewhat similar exposures can occasionally be examined, and in one 
place there seemed to be traces of a Pre-glacial soil. At Lower Sherringham, 
opposite the village and immediately west of the Valley Gravel shown in the 
clilT, fossiliferous Fresh-water Beds are again seen. Here the section is : — 

Feet. 
Soil - - - - - - L> 

? Sand with gravelly base - - - 6 

? Greyish loam and sand, well bedded - - 7 

|T 17 V. r I^ark-blue stony clay with decay e<l fragments 

waY Bed 1 ^^ ™™® ®^^^^^ (derivative?) and opercula of 

I Bythinia - - - . - 2 

? Gravel li 

Chalk with flints. 

This exposure was noted several years ago, and has since been hidden by 
talus, so that one cannot re-examine the beds to discover to which divisions the 
upj)er portion belongs, but probably both the Arctic Fresh-water Bed and the 
Leda myalis Bed are represented. A few yanls west of this point what 
api)cared to be a Pre-glacial soil was seen within 2 or 3 feet of the Chalk, but 
the section was too much obscured to enable me to be certain. 

Immediately K. of Ix>wer Sherringham sands and thin greyish loams con- 
taining occasional specimens of Pisiaium and Suodnea are found. These may 
belong to the Ujjper Fresh-water Bed, but more probably they represent the 
higher Arctic one. At this point, and wherever all the Pre-glacial oeds in the 
cliff happen to be sandy, it is almost impossible to trace definite lines of 
di\nsion, but the included fossils prove without doubt that very different con- 
ditions must have prevailed during the deposition of successive portions of the 
sand. AVhere the beds are clayey, there is seldom much difficulty about the 
lines of junction, for the older bed generally shows more or less erosion. 
Below this Fresh-water Bed there are sands and quartzite gravels, here 
sometimes resting immediately on the Chalk without any intervening Wey- 
bourn Crag. 

Beeston. — A short distance further S.E., under Beeston Hills, we have the 
important exposure, shown in Sect. 3 of the folding plate. Here the estuarine 
quartzite gravel is very thin, as is the Weybourn Crag, but it has yielded a 
few badly preserved bones. Above it we find a bed of blue-black peaty loam, 
for the most part rather stony. This bed is full of ])]ant-remains ; but, as at 
Weybourn, all purely calcareous fossils have disappeared, it has yielded teeth 
and bones of pike, abundance of seeds, and opercula of Bythinia, but no shells. 
Among the common plants are several species of Curex, Ceratophyllum de- 
mersum, Hippuris vulgaris, Rumex maritimus, Potamoyeton heterophyllns, P. 
trichoides, var. tuberculaia, P. flabellatus, Chara, &c. Resting on this Upper 
Fresh-water Bed there is gravelly sand with occasional marine shells (the Leda 
myalis Bed), above which is found the Arctic Fresh-water lied. At a point 
mid-way between the Hill and the Stream (see folding plate) all tl e beds are 
fossiliferous, and the following section is shown ; the beds continuing with 
the same character for a considerable distance both east and west, though the 
thicknesses vary slightly : — 



Boulder Clay. 

\ i^' 17 I, 1 Sand and loam. 

Arctic l^rcsh- I p^^y laminated loam with Salix polar is and 
water »ea. j ^^^^ 

Leda mya/i>\ False-bedded sand and sandy flint gravel with 
Bed. j a few marine shells - - -. - 



* Geol. Mag., vol. v., p. 545. 
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Feet. 
U])per Fresh- \ Peaty loam with opercula of Bythinia tentaculata, 
water Bed. j seeds, and fish bones - - - 5 

(^ I ^^*y» quartzite-gravel, and sand, with occasional 

(es uanne > fragments of mammalian bone - - 6 

f Pan and stone bed, with clay, clay-pebbles, and 

Weybourn | marine shells : Purpura lapillus, Littorina 

Crag. -^ littorea, Cardium edule, Astarte compressa, Cy- 

prina Islandica, Tellina Balthica, T. obUquQf 
Mactra ovaUs, Mya armaria - - - 1 

Chalk with flints. 

The exposure at Beeston is particularly important in showing clearly the 
succession, for all the beds between the Boulder Clay and the Chalk are repre- 
sented, with the exception of the Lower Fresh-water Bed. At the time this 
section was noted the cliff was exceptionally free from talus, for the erection 
of groynes at Sherringham had caused the beach to be thoroughly cleared 
away for some distance to the south-east. 

A few yards from the stream at Beeston the Pliocene Beds are cut out by 
Boulder Clay, and when they reap near half a mile further S.E. the Fresh-water 
Bed is missing, and the estnarine ai vision of the Forest- bed cannot definitely 
be recognized. The section between East and West Runton Gap is shown in 
the folding plate, but a considerable portion of the estuarine beds could only 
be examinea here and there, as they have for several years been almost entirely 
hidden under the beach. 

Runton. — On the west side of West Runton Gap (sometimes called Woman 
Hithe), there is at the base of the cliff a bed of blue clay, belonging probably 
to the ** Forest-bed," which, when traced towards the Gap, becomes whitish and 
weathered, and near the Gap is penetrated by small roots. Here it is imme- 
diately overlaid by marine sands with Leda myalis and Mya truncata, in the 
position of life ; but in the centre of the roadway a thin seam of peaty sand full 
of fresh-water shells intervenes, and the clay is penetrated by small roots 
(Rootiet Bed). Within 60 yards the Fresh-water Bed is again cut out by the 
Leda myalis Bed ; nevertheless a continuous weathered soil can now be traced 
for at least half a mile. About 150 yards S.E. of the Gap the Fresh-water 
Bed re-appears, resting on an eroded surface of weathered laminated clay 
and Sana with marine shells. It now continues without interruption for 
350 yards, with a maximum thickness of about 6 feet. 

The Upper Fresh-water Bed at Runton consists of peat or peaty loam with 
generally a sandy or clayey base ; and from this locality most of the small 
vertebrate remains, and the fresh -water shells, in public and pri rate collections, 
have been obtained. In the Appendix to the Pliocene section (pp. 62-80) is a 
full list of fossils; but as the species varv according to the nature of the 
deposit, it is desirable to draw attention to the characteristics of each portion. 

Near West Runton Gap the bed is a loamy sand full of Corbicula fluminalis 
and Paludina gibba, but it does not exceed 8 inches in thickness. Where it 
re-appears further eastward it is also sandy, especially at the base ; and if this 
sand is carefully sifted it yields in abundance bones of small mammals, birds, 
reptiles, amphibia, and fishes, and numerous fresh- water shells. Unfortunately 
this extraordinary abundance of small bones was only discovered when the bed 
was to a large extent hidden by talus, though for several months previously 
it had been well exposed. There is also a great variety of mollusca, including 
several species which are either extinct or not now living in England ; the 
former are Limax modiolifonnis, Paludina gibba, and Hydrobia Runtoniana ; 
the latter include Corbicula fluminalis, Hydrobia Steinii, and Valval a fluviatilis. 
Still further east the base of the bed is clayey, with abundance of Hydrobia 
Runtoniana, and the upper part is peaty with large Anodons, elytra of beetles, 
and badly preserved seeds. Bones occur throughout, though, when found in 
the wet peaty portion, they are generally much decayed. Mixed with the 
perfect land and fresh-water shells a few worn and decayed fragments of 
Tellina Balthica and Cardium edule have been found, evidently derived from 
the underlying estuarine beds. To the same cause we should refer the 
occurrence of a tooth of a seal ; for there is not the slightest evidence of the 
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irruption of the sea at this stage, for the other fossils are purely lacustrine and 
fluviatile. A single rolled fragment of an elephant's tooth has been found, 
but as none of the other bones are water-worn, and no other specimen of 
elephant is known from this horizon, this is also probably derivative. 

The roots which penetrate the underlying soil are here always too much 
decayed for microscopic examination, but from their shape and mode of growth 
they probably belong to pine or fir. "When the nine grows on an alluvial soil 
saturated ivith water all the main roots spread liorizontally to form a sort of 

Slatform, sending off a mass of small roots of nearly equal size vertically 
ownwards. At Runton it seems that the stools have been washed awuy, 
leaving only the termination of the roots, but at the same horizon at Happis- 
burgh one stool was found in the soil ; and a root examined microscopically 
showed obscure traces of what appeared to be coniferous structure, but it was 
too much decayed for satisfactoi^ determmation. 

The clays and gravels which form the soil on which these trees grew, here 
belong to the estuarine division of the Forest-bed ; but, unfortunately, the 
junction between it and the Weyboum Crag is for considerable distances 
hidden by the beach, and in many places it cannot definitely be said to which 
division an isolated exposure may belong. 

Beneath the Fresh-water bed there is laminated loam with Tellina Balthica, 
and pebbly quartzite gravel, weathered into a soil in the upper ])art, but well 
bedded two or three feet down. These pebbly gravels, which are common all 
alonff the coast, are often cemented into a mass of ferruginous conglomerate, 
whien, after the talus has been cleared away by storms, forms a conspicuous 
tabubtf mass at the base of the cliff, or on the foreshore. This ** pan " or 
"elephant-bed," as it is often called, is on no fixed horizon, but ranges 
throughout the ** Foreet-bed," sometimes at the base, but more commonly high 
up. It appears always to occur at the base of a mass of gravel or sand which 
rests on impervious clays. 

Tracing the beds from West Runton Gap, the first characteristic section of 
the estuarine beds that has been observed, is a short distance west of the 
large Chalk boulders in the cliff. Here laminated clay full of lignite occupies 
a hollow eroded in the Weyboum Crag and nearly to the Chalk, but a few 
yards further it rises and is lost in the beach. Under the western end of the 
first Chalk boulder, the Fresh-water bed again appears in the cliff for about 
10 yards, resting on weathered loamy gravel with estuarine shells. 

Near Wood Hill there is shown on the foreshore a bed of clay-pebbles resting 
apparently on an eroded surface of Wevbourn Crag, lliis bed passes up into 
altematinff laminated clays, sand, and gravel. AH the beds contain much 
drift wood and occasional derivative cakes of peat. Bones, and marine, land, 
and fresh-water shells, occur abundantly near the base. Owing to the peculiar 
nature of this deposit, which has been formed in part from the breaking up of 
the Weybourn Crag, it is very difficult to say to what extent the marine shells 
may be derivative, but most of the land and fresh-water species certainly 
belong to the bed ; and so do many of the estuarine forms, for there are seams 
full of mussels in the position of life. 

These beds of clay-pebbles maintain the same character for some distance 
S.E. of East Runton Gangway; they are extremely fossiliferous, and show 
better than any other portion of the deposit the curiously mixed or estuarine 
character of the typical " Forest-bed " niuna. Mr. A. C. Savin, of Cromer, 
has here obtained a number of mammalian remains. Among those found in 
the Course of the Survey are — the scapula of elephant, jaw of Trogontherium, 
and antlers of several species of deer, now in the Museum of Practicai 
Geology. The quantity of bones seen here inclines one to think that at 
present this is the best locaUty for collecting from the estuarine division ; it 
18 also the only place where land shells are found in any abundance; Helix 
is particularly common, much more so than any fresh- water species. In the 
list of species in the 8th chapter, those which may be derivative are marked 
as doubtful, but it is worth notice that some of the characteristic Crag forms 
undoubtedly belong to the bed. Among these may be mentioned the well- 
known Norwich Crag fish, Platax Woodwardi, here yny common, and occurring, 
though more rarely, in the Weybourn ('rag. Mehmpus pyramidalis^ an 
extinct Crag shell, is also more abundant than in the older beds. Tellina 
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obiiqun, Nncula CobboUliep, and the reversed Trophnn nntiquus, are plentiful, 
but may be derivative. The whole of the marine species occur also in the 
AVey bourn Cra^ ; the more abundant fi)rms are such as we find thrown up 
on sandy beaches at the moutlis of estuaries (Cardium nlule, Mytilus eduiis^ 
Doiiax rittatus, Littorina iittorfitt, L. nidiSf Purpura lapWus, Melnmpus). 

Mixed with the shells one or two stools of trees were observed, and in one 
place a trunk of fir over 18 feet lon;^ ; but, as a general rule, the drift wood 
and shells occur in distinct ?ieds, for heavy rains would wash trees into the 
estuary, at the fame time damming liack the tide, while storms would wash in 
marine shells from the open sea. Thus the alternations of beds with lignite 
and marine sands do not necessitate any change of level during their forma- 
tion. Besides this little-altered drift-wood, derivative pebbles of lignite, jet, 
and ver}' rarely of silicified woo<l, were found. 

On both sides of East Runton Gangway a mass of pan forms a conspicuous 
feature at the base of the cliff. The beds immediately beneath could not 
be examined at this spot; but at the foot of the beach (which would be 
about 7 feet below the base of the pan) the bed of clay-pebbles is often well 
shown, and contains an unusual abundance of antlers of deer, belonging to at 
least three species. Several elephants' teeth were also found, but they were too 
much decayed for preservation. A few yards east of the Gap a boulder of 
greyish granite, measuring 2xl}xl feet, was to be seen among the clay- 
pelJbles and bones. This is by far the largest boulder found in the " Forest- 
bed," and is also the only one of i<rneou8 origin yet noticed. A few bones 
occur in the pan, but they are usually much broken. As a general rule, for all 
localities of the estuarine division of the ** Forest-bed," the least damaged 
specimens have been obtained from clayey beds, but they usually need careful 
handling and gelatinizing ; the bones from the nan or elephant-bed are harder, 
but more knocked about. In the clays most oi the bones occur in masses of 
rolled clay-pebbles, and very few in the laminated portion, though one or 
two found in the latter were unusually ]>erfect. 

Between East Runton and Cromer the estuarine " Forest-bed " can gnly here 
and there be seen at the base of the cliff or on the foreshore: it appears 
gradually to become more carbonaceous, and contains few marine shells, except 
mussels. A])out three-quarters of a mile N. W. of Cromer there is sometimes 
exposed at low water two or three feet of black mud representing the Lower 
Fresh-water Bed. This mud can be traced for about 100 yards, cutting through 
the Weybourn Crag, and in one place for a few feet into the Chalk, so that it 
extends to extreme low-water mark. Resting on and overlapping it there is 
greenish laminated sandy clay full of wood, and containing occasional marine 
shells and fir-cones. Tnis exposure of the Lower Fresh-water Bed is especially 
important, as being, with the exception of a similar bed at Trimingham, the 
only j)lace where the horizon has been examined in situ ; though firom deri- 
vative boulders in the overlying estuarine beds, and from beach s|)ecimens at 
Happisburgh, its flora is fairly well known. The deposit is a tenacious and 
very carbonaceous river-mud with fish-bones, and abundance of seeds of water 
and mursh plants, a list of which is given at n. G2. 

Opposite Cromer the ** Forest-bed " is hidden under the sea-wall and by the 
beacn retained by the groynes, but a few yards W. of the wall, laminated clay 
with drift-wood and fir-cones is occasionally to be seen at the base of the cli£F 
and on the foreshore. Many tree-stuinps are said to have been found when 
the sea-wall was being built, but now no cleai* sections are met with till the 
last groyne is passed. On the lower side of the groyne, when the beach has 
been scoured away by storms, clayey gravel is laid bare. From this bed 
Mr. Savin has obtained many bones. 

Overstrand. — Betiveen the Lighthouse Hills and Overstrand village the 
" Forest-bed " changes very little. In the upper part it consists of laminated 
blue clay with drift-wood, but (as far as the writer has seen) no bones. Be- 
neath there are generally alternations of clay and gravel with large drift-wood, 
bones, and mussels ; and at the base is found a bed of clay-pebbles with abun- 
dance of bones, resting on the fossiliferous clays of the Weybourn Crag. 
ITie thickness of the " Forest-bed '* near Overstrand appears to average about 
15 feet ; in one place it measured 24 feet. 

A large proportion of the mammalian remains in old collections were 
obtained from the Green Hill Rocks opposite the Lighthouse. Se\'eTal hun^ 
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dred elephants' teeth must have been found, and vet probably the locality 
is not exceptionally fosailiferous. The reason why so many bones have 
been washed out is that the building of the jeity and grovnes at Cromer 
stopped the travelling of the beach, and for many years the *' Forest-bed *' was 
contmually bare. It has now been much denuded, and fewer fossils arc ob- 
tained, but several teeth of eh'phant, a jaw of Trof/ontherium, and various other 
bones were found during the Survey. Mr. A. C. Savin (of Cromer) has a 
large collection from this locidity, and the majority of Miss Anna Gurney's 
specimens came from here.* Tree-stumps scattered throughout the beds are 
very common, but comparatively few trunks are seen. Most of the stools 
))elong to fir or pine of moderate size ; other trees, except willow, are very 
rare. Inhere are also miny derived cakes of peat, often bored by PholaSy with 
elytra of beetles and leaves. In isolated exposures the clays of the ** Forest- 
bed" may be distinguished from those of the Weyhourn Crag by thtir dark 
blue colour, the latter being greenish. 

One or two sections will give an idea of the general character of the bods, 
the details of which var>' slightly every few yards. The following was taken 
nearly under the Old Jjighthouse : — 

Feet. 

Boulder Clay. 

Ijeda Myalis J Sand with a little loam, a few stones in the 
Bed (?) 1 lower part - - - - - 6 

f Laminated clay and lignite - - - 12 

*< F f R d '* I -^^^^fi^^^ii^R gravel and clay with a few seams of 
forest oe j jnugg^jg ^nd much lignite - - - 7 

(estuanne;. day- pebbles, with lignite, cakes of peat, and 

(^ mammalian bones - - - - 3 

Weyboum J Greenish loam, clay, and clay-ironstone, full of 
Crag. I casts of marine shells - - - (?) 

A section at the eastern end of Kirby Hill shows : — 
Boulder Clay. 

rFalse-l>edded gravel full of small clay-pebbles - I5 
I False-bedded sand with a little loam and car- 
" Forest-bed **} bonaceous matter - - - - 2 

(estuarine). j Laminated loam ... . j 

I Lignite, clay-j)ebUes, and ferruginous gravel 
[_ mixed - - - - - 2 

(?) hidden }>v the beach - - 5 



?L^ f Green-bedded clay with decayed shells 



») 



At this point the Boulder Clay has cut several feet into the *' Forest-bed,- ' 
and the mass of bedded blue clays shown further west has disa])peared. On 
the foreahore, about mid-way between these exposures, there is this section : — 

Fcft. 
" Forest-bed "/ Gravel of clay ))ebblcs, with quartzite pebbles, 

(wtuarine). \ bones, drift-wood, &c. - - - about i ] 

Weyboum f Laminated greenish clay with casts of marine 
Crag. L shells. 

Lying on and partly embedded in the clay-gravel is a stump of fir, 3 
feet in diameter near the base^ with the roots s])reading over 1 1 feet in one 
direction, and 9 feet in another. In hollows there are here and there preserved 
portions of the bark, and also of a loamy peaty soil with seeds. ITiis is by far 
the largest tree examined; for it has a spread of about 20 feet; no other is 
known to exceed 10 feet. By employing men to clear away the clay, one was 



* Mof»t of the tipecimcns collected by Miss Gurney are in the Norwich Museum, 
and some of them were figured by Dr. Falconer in his *' Fauna Antiqna Sivalensis." 
Miss Gurncy appear?* also to have distributed specinxcus of the teeth of Elephas 
mcridivnaiis among various local eolleetions, some b<.'ing at ISewcasile, others at 
Whit])y, or in the South of England. These teeth, being oceasionally unlabelled, have 
Konietimes been consiilen'd to be of local origin, but in reality JH, mcridiunalU 
appears, iu the British lsle>, to be. entirely confined to tlie Newer Tlioceno Beds of 
Norfolk, Suffolk, and Essex. 
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able to examine the termioation of many of the roots ; ther were all worn, and 
one, which was traced for a long war among the day-pebbles, measured about 
3 inches at its broken and rounded extremity. It was cut off, and is now 
in the Museum of Practical Geology as an example of the ordinary worn state 
of the roots in the ** Forest-bed " trees. 

At Beck Hithe the Boulder Clay cuts deeply into the '' Forest-bed " and the 
bones, though abundant, are much crushed and decayed. A few yards further, 
£., the line again rises above the beach, and at 150 yards from the old road to 
the shore the section is : — 

Feet. 
Boulder Clay. 

(?) Fine false-bedded sand - - - - 3 

Upper Fresh- r Sand and carbonaceous blue clay, irregularly 

water Bed. \ mixed - - - * - - 24 

** Forest-bed " / Sand and laminated clay with fragments of 

(estuarine). \ Mytilus • - - - - oj 

Beach. 

At this point no shells were noticed in the Fresh-water Bed. 

About a quarter of a mile further, there is the following section, the exact 
position of which may be ^ found by the Chalk boulders in the cliff above, and 
the old groyne on the shore opposite. 



Boulder Clay. 

UoDer Fresh- f ^*"^ irregularly mixed with carbonaceous blue 
\^pT Bed' 1 c^y • y^iivata piscinalis, Bytkinia tentaculata, 
L Pisidium amnicum, Unto or Anodon 
fFalse-bedded sand with day-pebbles and frag- 

« Forest-bed,'' J °^°*« .^^^^yJ^^J: (^ ^"^^^ specimen of 

Testuarine) \ Scalana GntfUandxca,) - - . 

^ ^* I False-bedded sandy gravel, in places cemented 

L into pan . - . - 

(?) Hidden under the beach . . • 

Sn^"™ f ^*°^y ^^y ^*^ decayed marine shells. 



Feet. 
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4 
4 



Beneath the Fresh-water Bed there are perhaps some small roots penetrating 
the estuarine sands, but they are very obscure and much decayed. 

At 65 yards S.E. of the groyne we find : — 



Boulder Clay. 

^?JSer^Eted^" } ^^^*^ ^^^ *°^ ®*^^ '*'^*^ fresh-water shdls 

r Laminated sandy blue clay . - • 

*' Forest-bed "J (?) hidden . - - - 

(estuarine). | Dark blue pan with irregular ferruginous con- 
L cretions like contorted beds 

Beach. 

At 80 yards :— 
Boulder Clay. 

^^ter Bed } ^^^^ ^"^ ^^^^^ ^^™ ^*^ fresh-water shells 

Sand - - . - - 

Bed of mussels in sandy clay 
Sandy gravel .... 
^Pan - - • - . 

Beach. 

At 290 yards :— 
Boulder Cky. 

r Stiff carbonaceous blue clay and a little sand, 
Upper Fresh- J showing a contorted or concretionary etruc 
water Bed. 



Feet. 



2i 
3 

1 + 



" Forest-bed ' 
(estuarine). 



/ 

1 

\ 
3 

14 



(?) 



ture : Fish bones, Pisidium amnicum, Unio 
ptctorum . . - - - 

Laminated blue clay • - 
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Feet. 

{Pan, composed of unworn and worn flints, 
nmaerous quartzite-pebbles, claj-ironstone, 
quartz, silicious sandstone, black grit, soft 
micaceous sandstone, and containing bones 
and a little drift-wood - - * 2 

Beach, 

The Fresh-water Bed at this spot thins out rapidly in both directions, and 
appears merely to fill a small basin cut off above by the Boulder Clay. 

For some distance to the S.E. the cliff is usually obscured by talus, and no 
section of importance is seen till a point about 50 yards beyond the commence- 
ment of the highest cliffs at Sidestrand is reached. Here the section is : — 

Feet. 
Boulder Clay. 
Leda myalis J Fine light-coloured sand - - - 7 

Bed (?) i Gravelly sand - - - - About 1 

ti -D^^^*. v.^A ♦* r ^i^c loamy sand with gravelly base, containing 
Forest-bed I fragments of My/i7iw - . . 4 

(estuanne;. [ Laminated clay and sand - - . 2i 

Beach. 

For 190 yards to the S.E. no clear section has been seen, but at that point 
the " Sidestrand Unio-Bed," comes on. The section is : — 

Feet 
Boulder Clay. 
Leda myalis J Fine false-bedded loamv sand with thin gravel 

Bed (?) t at the base - ' - - - - 8 

Upper Fresh- f Dark-blue thick -bedded sandy clay - - 7 

water Bed. \ Bluish sand and gravel with much drifb-wood - 1 
Beach. 

About 18 yards further it has changed to : — 
Boulder Clay. 

^^^"[yj'^JFine sand as above - - - - 9^ 

Upper Fresh- f Bedded blue clay - - . - 4J 

mter Bed. \ Stony blue clay - - - - I 

Beach. 

Another section 90 yards further shows : — 
Boulder Clay. Feet. 

^"^gJYpf ** } '^^'^^ *"^ * ^"^® ff^^^^ - - - 5 

Upper Fresh- / Blue bedded clay - - . - 6 

water Bed. \ Blue clay and gravel full of Unios • • H 
Beach. 

The next sections of importance are exactly under Sidestrand Church : — 
Boulder Clay. Feet, 

Fine false-bedded sand and loam with a little 

small gravel at the base : Pisidium amnicum 

(perhaps derivative) 6 inches beneath the 

. Boulder Clay - - - - 64 

Upper Fresh- / Sand, carbonaceous loam, and pebble gravel, 

water Bed. \ with fragments of Unio - . - 3 

Beach. 

About 110 yards S.E. there is :— 
Boulder Clay, with uneven base. 

p / False-bedded sand with thin blue clays and a 

'^ \ little carbonaceous matter - - 3i to 7 

TT V u { Blue-bedded clay, the lower part stony : Pisi- 

tipper I'resn- i ^^^^^ amnicum, Unio or Anodon - - 4 to 3 

water Bed. LQ^avelly blue clay with Unios - - to 1 

** Forest-bed ' * f Ferruginous loamy gravel, with Mya truncata 

(estuarine). \ ajiaTeVina Balthica in the position of life - 1 toO 
Beach. 
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The two measurements were taken 15 yards apart ; and a few fetit in each 
direction the fpnivel with My a truncata cannot l>e found ; it is apparently cut 
out by the Fresh-water Bed. In one place the shell of the My a has been 
entirely dissolved away, but the toii^h siphon-tubes are well presen'ed, looking 
much like portions of decayed roots of trees. 

'ITie Fresh-water Bed 
when it is suddenly cut 

•r 

variations, and one more 

the Boulder Oav scoop we huvc : — 

Feet. 
Boulder (.'luy. 

^^''"iZ^f" }Sand and thin clays - - - 1» 

c Laminated l(>«iu - - - - 1 

Upper Fresh-J Blue carbonaceous clay, bedding obscure - 3i 

water Bed. ] Blue stony loam, with fresh-water shells, seeds, 

L and drift-wood - . . . l 

f Clayey pan, with drift wood (My a not observed, 

" r/.«»cf linrl »' I ^"* "^^y ^^^'^ entirely decayed) - - U 

e^uarinc) ^ ^ (hidden by beach) - - 4 

''* I [-.am in at ed clay, clay-pebbles, lignite and a few 

L bones - - - - 1 + 

Within 50 yards the sand is cut out, and the Boulder Clay rests directly on 
lanu'nated clays. 

'I'he Sidestnind Unio-bed is very fossiliferous ; but the gravelly portion, full 
of Unto pictorunij is generally obscured by talus. The overlying clays (if dried 
and then washed in a sieve) yield abundance of seeds, small shells, and fish- 
bones, but mammalian remains and land shells are very scarce. This is 
])robably the best place for collecting ])lants. No leaves are found, except a few 
decayed fragments, though fruit or seeds of at least 40 species occur; and 
the clay is full of well-prescr\'cd moss. Among the shells a single specimen of 
llydrobia marginatn was obtained, unfortunately since mislaid, corresponding 
exactly with the variety found at Mundcsley. A full list of the mollusca is 
given at the end of the chapter on the Natural History of these beds. 

For nearly half-a-mile no sections can be seen, for the Boulder Clay cuts 
through the beds to l>eneath the sea-level. When the Pliocene beds reappear, 
the character of the upper portion of the section has a good deal altered. A 
few yards from the S.E. end of the scoop we find : — 

Feet 
Boulder Clay. 

Sand with some blue clay in the lower part - - - - 15 

Pan, full of quartzite pebbles - - - - - 2 

? (hidden under the beach) - - - - 4 

Cireenish laminated loam and beds of clay-pebbles - - 2 + 

About iH) yards further the Upper Fresh-water Bed seems to reapi)ear, 
though no fossils could be found in it. 'Ihe section is : — 

Feet. 
Boulder Clay. 

Upper Fresh- / Gravelly sand irregularly mixed with a little 

water Bed. \ carbonaceous blue loam - - - 4 

r False-bedded gravell)r sand - - - U 

" Forest bed "J Quartzite gravel passing laterally into pan - 2 

(estuarine). 1 ? (hidden by beach) - - 7 

^ Laminated blue clay and clay pebbles - - 2 

Probably the C^lialk is about 15 feet below the base of this section, which 
would give a total thickness of 40 feet to the Pliocene beds here. 

At HO yards to the S.E. we have : — 

Feet. 
Boulder Clay. 

Sand with irregular blue clays and thin lignite in the lower part - 8 

False-bedded sand, gravel, thin loams, and lignite - - - 10 

? (hicUlen by beach) - - - - - 4 

Laminated clay and clay-pebbles with a stump of fir - - - 2 
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A few yards ftirthei, though not directly opposite, black corbnnaceous itony 
silt, full of seeds, iraa seen on the foreshore, distinctly passing under the 
laminated clay, lliis silt Itelongs to the Lower Fresh-water Bed, and 
corresponds both in position and character with the exposure between Cromer 
and Runton. For 250 yards the base of the cliff is usually hidden by land- 
slips, but the I^n-er Fresh-watpr Bed can be traced here and there on the 
foreshore. 

At 100 yards S.E. of the old groyne at Trimingham (there is no other 
landmark visible hy tvhich to fi\ the spot) we have tlie sections shown in 
Fig. 4. 



Seclion of the loicer pari of tbt Cliff" near t^e old Groyne at Trtwinpii 
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'^'prift?^ } '■ "''^•' '''"" """J' Boulder Clay (base only seen). 
Upper Fresh- J S. Fuliw-btddBd sand, irregulsrlj miicd with earbona- 
" ' 0U9 liluo clay. 

c loamy bluish Ealse-bcdded Hand, with very few 
stones, the upper part penetrated by roots (Root- 
let Bed). 
I. Clay pebbles, gravel, sand, and lignite. 
5. Carbonaceous green cisj'ey silt. 
G. I.Bininated lignite and loam. 
. Green and blue laminated rather carbouaccoas 

8. Sand' with uiiriiie shells 
_ 9. Clay as above. 
Upper Chalk - lu. I'robable position of the Chalk. 
At the time the beds were examined the beach had been entirely swept away 
by X storm, and a continuous exposure could be traced to low-water mark. 
AUthreedivisiona of the Forest-bed were well shown in vertical section, and 
the total thickness of the Pliocene beds will be about 40 feet. A broken line 
has been put in to show the probable position of the Cbalk, but it ought 
perhaps to be a few feet lower. 

The Fresh-water Bed in the section juat iigured, and in numerous others 
which have been or will be described, shows a peculiar structure, the car- 
bonaceous clay and sand being apparently contorted together. At first sight, 
one might suppose this to be connected with the contortions in the Boulder 
Clav ; but in numerous instances these small contortions in the Fresh-water 
Beds are cut off and orerlaid by evenly-bedded frcab-water clays, proving 
U119S. 
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that they originated contemporaneously nith the deposit. A similar contorted 
structure is not uncommon in recent alluvium, and may originate in two ways : — 
An elephant, hippopotamus, or other large animal.treadinginthe shallow water 
would easily squeeze the clays into these shapes. One may notice that the 
oxen and horses standing on the shores of the Broads often force up black 
mud through the gravel on each side of their footprints. Another mode of 
accounting for the contortion is that it is due to the lateral thrust caused by 
the alternate freezing and thawing of the beds in the winter. But in either 
case it is noticeable that in the well-laminated fresh-water clays that are found 
at Sidestrand and a few other places, and which appear to have been formed in 
water too deep for freezing, or disturbance by the growth of water-plants, no 
contortions are found. In the contorted beds the common mollusca are the 
almost amphi1)ious Succinea, Limnaa peregra (L. Umosa , and Pisidium putilium, 
while in the bedded clay of Sidestrand Ancylus iVelletia) lacustris is probably 
the most abundant species. 

The Lower Fresh-water Bed is now cut out, but for a quarter of a mile to 
the S.E., b^ond slight variations in the relative thickness of the different 
beds, there is no other change, and the small roots can be seen about 8 feet 
above the beach where^'er the section is free from talus. At about 3 furlongs 
from the groyne the three tree stumps shown in Fig. 3 were found. The 
section is : — 

Feet 
Boulder Clay. 

Upper Fresh- / False-bedded sand, with irregular seams of grey 
water Bed. \ loam and a gravelly base - - - 2 

False-bedded sand, with a few seams of loam 

and scattered pebbles - - - 5| 

Laminated and false-bedded sand and clay - H 

? (hidden)- ... - 4 

Clay-jjebbles and pan, with tree-stumps and 

lignite - - - - 2 

Blue laminated carbonaceous clay, lignite, and 
clay pebbles - - - - - 3 + 

About 200 yards further, the bed of clay-pebbles which contains the tree- 
stumps yielded a iaw of cod, — the only marine fossil noticed in the "Forest- 
bed " in this neighbourhood. 

The false-bedded sands now gradually change to laminated clay^ and under 
Trimingham lime-kiln there is : — 

Feet. 
Boulder Clay. 

{Sand with grey loam and a thin seam of 
gravel - - - - 3 

Carbonaceous clay and sand, false - bedded 
together; a little gravel - . - 3 

About 50 yards further the mass of laminated clay is cut out : — 
Boulder Clav. 

Upper Fresh- f Sand and carbonaceous loam, with fresh-water 
water Bed. \ shells - - - - 6 

Laminated sand and loam - - - 5 

Blue clay, clay-pebbles, lignite, and cakes of 

peat, with plant remains and elj'tra of beetles 4 to 
Laminated blue clay- - - -0to4 

? (hidden) ... 3 

(estuarine). ^ Small gravel, masses of clay pebbles, micaceous 

laminated clay and lignite, false - bedded 
together; the gravel contains many nuite 
unworn flints. A cone of Scotch fir and Frag- 
ments of mammalian bone were also found - 3 + 

'Hie Boulder Clay gradually descends and cuts out the Fresh-water Bed, 
but the Estuarine division can be traced to near the western Chalk bluff at 
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Triminn^hain. There are continual variations, but it is unnecessary to give 
every change. The last section which could be seen was 80 yards from the 
Chalk:— 

Boulder Clay. Feet. 

" Forest-bed " f Sand and loam - - - - 4 

(estuarine). \ Laminated clay - - - - • 6 

Unfortunately a persistent talus prevents us from tracing the beds till 
they disappear in the contortion, and it is at present rather doubtful how 
they end off. Not improbably Pliocene Beds will be found beneath the Chalk, 
which is here contorted into a loop and inverted, llie Chalk cannot have 
been in its present position when the " Forest-bed " was deposited, for the 
laminated cuiys are seen close to it without their lithological character being 
in any way affected by the proximity. A small hill o£ this sort would also hav 
entirely disappeared long before the whole of these Pliocene Beds could have 
been laid down, for the Chalk is exceptionally soft, and it would have been 
always exposed to atmospheric action and to the constant washing of peaty 
water. It has been stated that Crag occurs on the top of these Chalk bluffs ; 
but this is a mistake ; the shelly sand there seen is merely a patch of the 
ordinary Glacial sand. 

On the S.E. side of the bluff the " Forest-bed " reappears within 140 yards, 
and as the base of the Boulder Clay is there a few feet higher than on the 
N. W. side, the Upper Fresh-water Bed is again seen. At 180 yards from the 
Chalk the section is : — 

Boulder Clay. ^ Feet. 

'Sand and blue loam mixed • - - I 

Sand irregalarly mixed with blue clay : Succinea 
throughout - - - - 2i 

ft F H ^^"^ bedded carbonaceous clay with seams of 

tipper I'resn-^ ^^^^ ^^^ ^ ^^^^ small stoneg ; twigs and shells 

water i>ea. throughout, Succinea putris very common, 

Cylas cornea one valve - - - 24 
Contorted laminated clay and sand, with a little 
gravel and a carbonaceous seam at the base - 2 
«< -o -^-i. v.^A >y r Well-bedded blue clay with a few thin seams of 
«ForMt.bed I gravel and sand - Ah 

(«»*^^"®)- I Bedded sand and clay - - . - 1 + 

Beach. 

A few yards further a small stool of fir was found lying horizontally in the 
well-bedded clay of the estuarine division. About 80 yards ^m this section 
the beds have changed to : — 

Boulder Clay. Feet. 

Upper Fresh- ( Sand and grey loam - - - 6 

water Bed. \ Carbonaceous loam and gravel - - - i 
Sand with a few interrupted seams of loam ; the 

upper part perhaps penetrated by roots - 3 
Laminated clay and pan alternating; much 

lignite - • - - 2 

The roots are rather doubtful at this point, for they have entirely decayed, 
and are only traceable as ferruginous lines in tlie sand. It is possible that in 
the last two sections we may have both the Arctic and the Upper Fresh- 
water Beds ; but at the time these exposures were noted the writer was un- 
aware of the distinction, and for the last two or three years this part of the 
cliff has been too obscure for detailed re-examination. 

No more sections have been observed till the south-eastern Chalk bluff is 
passed. At 180 yards beyond it pan is seen at the top of the beach, but no 
clear exposure occurs for 130 yards further ; here there is : — 

Boulder Clay. Feet. 

Sand with a little loam and gravel - - - - 13 

? (hidden) ... . - 2i 

Pan . ----.-. 1 

Dark blue stony silt mked with ferruginous sand - - 1 

c 2 



" Forest-bed '\ 
(estuarine). 



36 GEOLOGY OF CROMER. 

But the section is so isolated,. that, in the absence of fossil evidence, it cannot 
be said to which division the sand belongs. A few yards to the south-east the 
Boulder Clav again ploughs through the beds, and for about three furlongs 
no Pliocene Dcds are to be found. 

From the reappearance of the beds half-a-mile N.W. of Mundesley Church 
to Mundesley village, jin almost continuous section has been examined, 
though the whole of the cliJT is never free from talus at one time, as landslips 
occur inunediately the buttresses are washed vlwkj. The first exposure 
shows : — 

Boulder Clay. Feet. 

? ? (hidden) - - - 3 

T* V V, f Fine false-bedded loam and lignite with fresh- 

Lpper tresh-l ^^ter shells . - . - - IJ 

water Bed. \ ^^^.^^ ^^^ ^^^ ^ | 

Beuch. 
About 200 yards further there is the section shown in Fig. 5. 

Fig. 5. 

Section of the lower part of the Cliff i mile NM''. of the Coast Guard Statum, 

Mundesley. 
Scale, 20 feet to un inch. 




— ' __^^^_^^^si^^:^__ — ■i'^— — ..^ ^^iT^-l^^-^^-^— -^^^-^S^^^^^^^A-^'V^^'^"*^— ^— — ^— "^■^■^^^■'w^M^^^^^^^,-^ 4 



. -_ - — _'r:rr „ ~ ^— — ^J^"** -^■-zy' ^ 

2nd Till - J. Blue Boulder ('lav, very chalky. 
Arctic yrcsli- 1 „ j.,,^^ 

filter Bed .'' J 
I'nipp VrPfth r^* l^^^^hled blue loam, full of luoss and seeds. 

«nVpr KpS 1 ^- ^^"^ *^*^" ""*«^ ^'^*^» gravelly sand, filling an eroded 
water oea. [^ j^^jj^^^ . ,svcc/«crt. 

*' Fdrest-bed"' 1 e t • * j i 
(cHtuarine).}^-^°^^"^*^^^^^y- 

The sand immediately under the Till is probably the Arctic Fresh-water 
Bed, for it appears to be a continuation of the fossiliferous deposit at Mun- 
desley, though at this point no plants were observed in it. The mosses in 
the Upper Fresh-water Bed are here exceptionally well preser\'ed, and fruit or 
seeds of 12 or 13 species of water and marsh plants were found. 

At 270 yards to the S.E. is found : — 

Boulder Clav. Yeet 

Arctic Fresh- f Bedded blue loam with fresh-water shells - 2 

water Bed ? \ False-bedded gravelly sand with lignite - 1 

Muirine). } Laminated loam, sand, and lignite - - 7 

About 200 yards further : — 
Boulder Clav. 

water Bed P J ^°^"ated sand and loam with gravelly base - 7 

Gravel with clay pebbles, much lignite, a small 

tree-stump, and many deri^'ative cakes of peat 

(one 5 feet long) containing cones of Scotch 

** Forest-bed " ^' reeds, seeds of bog-bean, and elytra of 

(estuarine) ? beetles - - ... i 

^* Laminated clay with a little gravel and sand ; 

seam of mussels . - . - 4 

P (hidden by beach) - - 9 

Bed of clay-pebbles - . - 1 4. 
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The lithological character of the " Forest-bed " now changes continually ; 
but as these variations are only such as occur in most estuarine beds, it is 
unnecessary to give all the details. Three furlongs N.W. of the Coast Guard 
Station, Mundesley, the base of the clifiP is a jnass of laminated clay with thin 
seams of sand ; but within 70 yards it has entirely changed, by the gradual 
thinning out of the clays, to false-bedded sand. A quarter of a mile from the 
atation the section is : — 

Feet. 
2nd Till - Chalky Boulder Clay. 

Arctic Fresh- r^^lf, ^^77 ^^"^ ^,^^ s«^™« °^ «^y ^^^"^ = ^ 

. « 1 < Planorbts complanatus - - - 8 

water I3ea. [ palse-bedded gravelly sand - - - 2 

' False-bedded sand and small pieces of lignite, 

clay-gravel, with Littorina and Mytilus, and 

laminated sand and loam with drift-wood - 8 



« Forest-bed '* 
(estuarine). 

Beach. 



This variable character in the beds continues to Mundesley, where on the 
foreshore, in beds rarely uncovered, many mammalian bones have been found, 
including three jaws of Trogontheriunif now in Mr. Fitch'scollection. The beds 
in the cliff yield comparatively few specimens. 

The relations of the different beds at Mundesley will be best understood by 
reference to the folding plate at the end of this volume. It will be seen that 
there are here two marine or estuarine beds, — one above, the other below, the 
Upper Fresh-water Bed. The upper probably represents the Leda myalis Bed ; 
but in this neighbourhood, where the Fresh-water Bed has thinnea out, it is 
almost impossible to separate them, for the whole series is so full of lines of 
contemporaneous erosion that real breaks in the deposit are not easily traced, 
except by^he fossils. Great care is also needed to prevent con^ion of the 
fossils from the different fresh-water deposits ; for at Mundesley there is a Post- 
glacial bed, which cuts into the *' Forest-bed ;" and the Arctic, Upper, and 
(numerous derivative cakes of peat representing) the Lower Fresh-water Bed 
also occur. The general section Is : — 

2nd Till - - Boulder Clay, very chalky. 

Arctic Fresh- water / Sands with fresh-water shells, and clays with 

Bed. ■ \ Arctic plants : Salix polar is, &c. 

J , Z* R H / Marine sands and clays, with Mytilus, Littorina, 

" \ Cardium, &c. 

Upper Fresh-water r Blue peaty clay, full of Unios, seeds, and €sh- 
Bed. \ bones (local patches only). 

Laminated clay and sand, with beds of mussels. 
Gravel, clay-pebbles, lignite, mammalian bones, 
and cakes of peat bored by Pholas, representing 
the destroyed Lower Fresh- water Bed. 

At this locality all the beds are fossiliferous, and can be seen in vertical 
succession after storms have cleared away the talus. The Upper Fresh-water 
Bed is very thin, and only preserved in small patches, which occur at about 
2 feet above the beach on the S.E. side of the village, for about 60 yards 
beyond the broken sea-wall. The bed rests in slightly eroded hollows in the 
estuarine clays of the " Forest-bed," and does not exceed 6 or 8 inches in 
thickness, though it is very fossilferous. At one spot the clajr beneath it is 
weathered white, and shows obscure traces of roots. A derivative fragment of 
TeUma Balthica was washed out of the Fresh-water clay mixed with perfect 
specimens of Valvata and Ancylus. 

For some distance there is no change of importance in the lithological 
character .of the estuarine beds. At a quarter of a mile S.E. of the sea-wall, 
immediately above the beach, there were found a number of large derivative 
cakes of peat in the quartzite-gravel ; these were all bored by Pholas, and con- 
tained large quantities of the peculiar fruit of the Trapa natans, a plant only 
known elsewhere in Britain Dy a few specimens from Bacton. From the 
similar contents of the different cakes at one locality, it is probable that they 
have not drifted verv far, but at present the Lower Fresh-water Bed is unknown 
in place near Mundesley. N.W. of the village another collection was seen, 
but all the masses were composed of reeds, Trapa natans being absent. 
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in«1 T!ii - - Bon Mm* r'av. t-tt Tfaaikr. 

r- c - ' rjwniTUtficrS «iui4 iini ':iav^, xirii 1 'Ivds. 

A L ' .igrnifft m 'Uie opper pur: : Pznmd 

fij'n^xf^A - - - - J 

" F'M'Wt-'i^/l " ' f^mina&^/i Miuj ciav, Tirtii Jf./r./<ij - 2 



'?.*.rr,ir. I f^v ywS .r. *fl''.r» lir^cti.ti u:c T*il ieaceii'fj and rests imzie- 

Ar A nr.M^ ad I *-, .;».•*#»'.• fr-tr. ifur./icaiey rhe Till *Tii':«tiiy ploc^iLi thziKuii 
t'r\0. r#*/1^ ♦/, ^i«w.**atf. rlv* va-levti, b'lt ;iwt N.W. '-^ the point wfiffe in* 

r«c 

Zr,Al..\ ' • fV^iAldfT Claj, rey chalky. 

^fAm;nat«d claj and »cd - • - 5 

" VhjPj^Ai^A ' ^ Beds of cUj^bblea, with MyMms, Lit- 
''•^!i*rin^^ iP//riiMr, B^Crmus, teeth of Arvic^lOj and 

limb'b''jne of TragtjmtheriMM - - 2 

For np4ir\j hn\( a rnil^ no «e«:tion3 are to be seen, but where the beds 
tPhppMtr i\tt cbara^rt^T i* unalterefl ; — 

Feet. 

^ftf\ Till - - IVitiMer Clay, very chalky. 

" P'r ^ f f /l" ' lArninat*!'! fiands and clays - -6 

*,^. ' ^ lArninatft/J blue clav and' sand, with a few 

' i#<:bblf:s and Miftilus - - - 3 

About, W| yardi« further it chanf(e<i to : — 
'Jfid 7'in - - Moulder (*lay, very chalky. 

Y Piat.y matter, wood, and a little sand - J to li 

'f Fine false-ljeddcd sand and a little grey loam 6 to 5 



.. ,, 4 1 1 «» f ('lay-pebbles and liimite, alternatinir with 

" VmtM I f^^,;,^.|^,jded sand . - 

ri-stimnnc;. | p^^ ^^^j ^^ j^^,|,ie, ^,f quartzite, &c. 



_ _ o 

timrinc;. | Pan'fuli'cfI)iebblerof quartzite, &c. 



* <i((il. MhK'. I>«rcBdu J I., vol. vii., p. 424 ; and Memoir on **The Yertebrata of the 

Ffifi'M lied, p. 17. 
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Soil 

Valley Gravel 



" Forest-bed " 
Cestuarine). 
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The pan here shows false-bedding with a northerly dip, and is composed of 
nearly unworn flints, flint quartz, quartzitc, clay, and clay-ironstone pebbles, 
with rarely cherty sandstone (S'eocomian ?), green-coated flints (Eocene), 
pyrites containing wood and jet ; there is also a little drift wood, cakes of 
peat, and small selenite crystals. The only fossil found was a fragment of 
elephant's tusk about 5 inches in length. 

At 350 yards N.NV. of the first road to Bacton village there is : — 

Feet. 
- lJto2 
Gravel and loam contorted together, 
and squeezing up the laminated clavs 
of the " Fores^bed " - - ' - 7 

Laminated clay and sand, witli a bed of 
wood at the base - - - 8 

J Clay-pebbles and gravel, with large un- 
j worn flints, quartzite pebbles, &c. - 3 

Laminated clay, clay- pebbles, and 
[_ lignite - . - - 3 

Beach. 

Between this point and the road the beds are very sandy and gravelly. 
The sand is principally quartz, and not flint, and the composition of the 
gravel is : — 

Unworn and sub-angular flints - - - 82 

Quartzite pebbles (often large) .... 

Flint pebbles - - . - , 

Quartz - - .....32 

Hard sandstone (Xeocomian p) - - - (> 

Chert - - - - - - 2 

Black grit - - - - - 2 

In the neighbourhood of Bacton the Forest-bed shows extremely raj)id 
changes in lithological character; and as the upper part rises 10 or 15 feet 
above the level of the beach, it can easily be examined, and may be described 
generally as a mass of false-bedded gravel and sand with Iciitfcular beds of 
laminated clay, clay-pebbles, or lignite. A few sections taken here and there 
will be sufficient to show the ordinary character. 
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At 150 yards S.£. of the road there is : — 



Soil 
IstTill 

" Forest-bed " 
(estuarine). 

Beach. 



Feet 

- 14 

- 3i 
. 6 



Hard stony loam ... 
rSand .... 

1 Pebble-gravel - - . - 

< Laminated clay, disturbed, under-cut, and 
mixed with gravel - - - 3 

^Luninated caroonaceous blue clay. 



Ok 

-2 



A few yards to the N.W. a mass of laminated clay comes on immediately 
under the Till. Within 60 yards to the S.E. three tree-stumps were seen on 
different horizons, and at a lower level a cake of Pholas bored peat was found. 

At 300 yards S.E. of the road the section is : — 



Soil 
IstTill 



" Forest-bed " 
(estuarine). 

Beach. 



Stony loam - - - - 

Gravelly sand and loam 

Stiff blue clay - - - - 
i Sand, gravel, and a little loam 
"^ False-bedded white sand, rather car- 
bonaceous - - - 

Laminated sand and clay - • - 



Feet. 



-a 
J. 



3i 
1 



(estuarine). 
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About 200 yards further it changes to : — 

I'eet. 

Soil - - - - - - 2i 

1st Till - - Stony loam - ... 6 

P r Loam and blue clay, with a little sand and 

\ gravel, contorted together - - 3 

Laminated clay and sand - - - 5 

Loamy sandy gravel, with Mytilus edulis, 
u V i. u 1 » Littorina littorea - - - i 

''f'^f^M^ ^Gravel 1 

Laminated sand and blue loam - - I 

? (hidden by beach) - - 5 

Laminated blue carbonaceous clay - 2 

Close to the old site of the Coast Guard Station there is : — 

Feet. 
Soil - - - - - - 2 

1st Till - . Stony loam . . - - 4 

Upper Fresh-water jl^J^yj'^^^^^ " . "- ^ 

® • L Laminated sand and clay - - - 1 

"17 * 1. ^ »> f Laminated clay, with a few thin seams of 
i'orest-bed 1 ^^^ ^^^ ^^^^ ^^j^ ^^ M^tilus edulis 

(estuanne). \ tnd Littonna littorea - - - 5i 

These beds with marine shells were first described by Mr. Green in 1842,* 
but at that time the exposures appear to have been much more fossiliferous 
than at present ; the cliif has probably now been cut fully 100 yards further 
back, and the details of the section have quite altered. Mr. Green mentions 
the following species as occurring here : — 

TAttorina littorea, 

Mytilus antiquorum» (=M. edulis, Linn.) 

Scalaria grmnlandica, 

- minuta, , 

Astarte plana, (=^A, borealis, Chemn.) 

Fttsus striatus. {=:Trophon antiquus, Miill.) 

-^— contrarius. ( — , reversed var.) 

Cardium, fragments. 
Turbinolia, 

" With these shells were vertebrae of fish .... scales of fish, bones and 
teeth of fish, and bones, teeth, and jaws of rudenta .... In this deposit 
also occur the bones of larger mammalia, probably a species of deer, with the 
remains of birds." 

'* This bed of fossils seems to extend to some distance inland ; for I have 
been informed that, when excavating a well near Bacton Green, about 300 
yards from the beach, this same crag was met with.'* 

To the above list Prof. Prestwich adds Littorina rudis and Purpura lapillus.^ 

The next section of importance is seen near the Coast Guard Station, Bacton. 
At this point, and for several hundred yards on each side, the Fresh-water 
Beds again appear inmiediately under the Till :~ 

Feet. 

Soil - 2 

Intermediate Beds. Laminated marl - - * 1 

IstTill - - Stony Boulder Clay, with little chalk - 7 

^ Mixed clay and sand, with fresh- water 
shells: Succinea putris, Bythinia tenia- 
culata, Cyclas cornea - - - 2i 

^Sand and loam - - - - 2^ 

r Gravel, with thin clay seams - - 3 

" Forest-bed " J Laminated blue clay - - - 5 

(estuarine). ] P (beach) - * - 8 

L Laminated greenish clay - - 1 

* Geology of Bacton, p. 56. 

t Quart. Jouru. Geol. Soc., vol. zzyii., p. 465. 



Upper Fresh-water 
Bed. ^ 




" Forest-bed " 
(estuarine). 



Upper Fresh-water 
Beds. ^ 
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Mr. Green, who first discovered this Fresh-water deposit, adds : — 

Limn€Ba palustris. Paludina, 
Bulimua (=Ztia?). 

Planorbis vortex. Cypris. 

Valvata. Fir cones. 

Near the ncxi road to the shore the cliff becomes very low, and for a con- 
siderable distance it is nearly always hidden by blown sand, but nothing of 
importance was seen when the talus had been swept away by a storm. About 
90 yards N.W. of Walcot Gap there is : — 

Feet. 
Blown Sand - - - • - 6 

Soil- - - - - - - :i 

Sand and a little gravel - - 4 

? (hidden by beach) . 8J 

Coarse green and ferruginous loamy sand 
and clay-pebbles - - - 1 

At J m. S.E. of Walcot Gap, Fresh-water beds reappear, apparently forming 
the N.W. portion of the deposit, which extends to beyond Ostend Gap, 
filling an eroded hollow in tne lower beds. Near the commencement the 
section is : — 

Feet. 
Blown Sand -- - - - - -2 

Soil ----- - 3J 

1st Till - - Hard stony loam - - . . 8 

Hard loam mixed with band and a little 
gravel - - - - - 2 

Hard-1>edded blue clay, full of Cyclas 
cornea - - - - 2 

? ? (hidden) - - 6 

ill? ^ \^ A>* r Clay-pebbles, coarse red sand, carbonaceous 

L peat • — — — — 1 

The base of the Boulder Clay being here very low, and the beach high, no 
Pre-glacial beds can be seen, except after severe gales ; in fact, one may often 
walk from Bacton to Eccles without being able to find a trace of any beds 
older than the Till. 

At Ostend* the Fresh-water Bed appears at the foot of the beach, where it 
was discovered by Mr. Green in 1841, but the section is now so altered that 
the very fossiliferous deposit he found is either entirely swept awav or con- 
stantly hidden by the beach, 'iliere is now to be seen hard thick-bedded 
fresh- water loam, which appears to lie in a hollow in alternating beds of 
laminated clay and lignite. In this could be found no mammalian remains, 
but teeth and scales of fish, Sponyilla fluviatilis, and fruit or seeds of Trapa 
natansy Ceratophyllum demenntm, Hip/mri$ tulgarin, Pinug syltes'ris, Pinus 
abies, &c. As \lr. Green obtained a very important series of fossils from this 
place, it will be as well to quote his account, in case the l>ed shoul I again be 
exposed. 

The bed *' is composed of bluish mud, with occasional rmtches of brown 
clay, and extends several hundred yards along the beach. • • "I have 
obtained from this place the following shells : — 

Cyclas cornea. 

—— pusilla (Pi»idsum, sp.) 

Succinea int^nnedia IS, putrit), 

Paludina* 

ValvaU, 

Planorbis v^ies, 

(/ypris. 

Uuio or Au«Ao$h 

An<*yhi« l«^;usiris. 



* iV;iM;«iM«M| thii^t4 (ffrtm 'MmtI m • kiln f ;. 
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*' Under this bed a greenish kind of mud occurs intermixed with sand, con- 
tain in^jr various mammalian and other remains. The following may be 
particularly named : — 

Elephas juimogenus, — teeth and jaws. 
Deer, — bones and horns of two kinds. 
Uodenta, — bones, jaws, and teeth of four species (probably 

arvicola, shrew, hedgehog,* and mole). 
Sauria, — bones and jaws. 

" I also here met with the remains of birds, fish, seed vessels, and fragments 

of wood."t 

The bed of bluish mud is still to be seen, but no mollusca, except opereula 
of liythinia, could be found. The *' green mud intermixed with sand " probably 
includes portions of both the Fresh-water and Kstuarinc divisions. >lr. Green 
figures, as having been found with the bones in their natural ])osition, a 
skeleton of deer, and another of ** saurian ;" but the latter is composed of 
portions of two moles, and the former appears to be made up of several 
animals. 

This fresh-water deposit can be traced nearly continuously for a quarter of 
a mile S.E. of Ostend, gradually rising and allowing the underlying beds to 
be seen. AVhere good exposures can be examined, roots i)enetrate the weathered 
surface of the estuarine beds. Nearly a quarter of a mile from the Gap the 
section is : — 

1st Till (base below high- water) Feet. 

? (hidden) . - . - - . 8 

("Carbonaceous soil with a little lignite - - 4 

Greenish unstratified loam, witli small roots, 
bedding obscure - - - - 1 

** Forest-bed " ^ Passing into — 

Laminated carbonaceous silt and green clay, Mith 

a little lignite, and calcareous concretions - 2 
Green clay, drift wood, and fir cones to low 
(^ water - - - - - 1 

South-east of Bacton the middle dinsion of the " Forest-bed " appears to 
have become cntirelv fluviatile, and consequently it is difficult to separate it 
from the Upper Fresli-water Bed. 

About UK) yards S.E. of the last section, at half-tide, there is seen : — 

Lignite, with seeds of yew, and abundance of fir cones, resting on 
Loam with small roots. 

For about 100 yards further there is a very imi)ortant section, only uncovered 
after exceptionally severe N.W. gales. The base of the Boulder Clay is 
several feet below high-water mark, and immediately under it we have greenish 
sandy clay, in places laminated 'in the upper part, alternating with beds of 
lignite full of fir cones and seeds. At one spot several trunks of fir He close 
together and in the same direction, four of them being upwards of nine feet 
in length with neither end visible ; a few yards away there are two more trunks 
crossing one another. Unfortunately there was so much water that it was 
impossible to ascertain whether these trunks were overthrown in place or 
formed a pine raft ; — they rest on a carbonaceous sandy and stony clay, probably 
a continuation of the soil already mentioned. The trunks are of moderate sice, 
not exceeding a foot in diameter, and are compressed to about two or three 
inches j the bark does not appear to be exceptionally thick. Cones of Scotch 
and spruce fir are very abundant, one of the latter having been gnawed by a 
squirrel. Other seeds are common, including yew, sloe, and probably Pyrus. 

Just S. of the highest part of the cliff at'llanj>isburgh the base of the Till 
again rises a few feet above the beach, and due N. of the church another 
patch of the Fresh-water Bed is seen, consisting of lignite with many fir cones 

* Afterwards described by rrofessor Owen as Palaospalux ma^us (»« Myogale 
moschata, Linn.). 

t Op, cU.y pp. 58, 59. 
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and «e«i». reit-r.r cc b*ri T-*i3£««»i ;t«b «t>*^ liir: r«fn-;^ri?f\i br lw^5^ 
Ai this pj»« laept «*« i^teiied la* stcnp cf 1 «3ill s« w-l:h :*:se rvxcs 
pmrtmsr^ ib* *:•:!. — ti* cz-t issasce cf & rrw in ns SAtur^I pc*;::>>a that 
has beoi cbeerrwL Tb; «-:il ccew7*?=.is enctlj i- v'2Ano:« vit^ w«i:t 
loils of the **y^-* Q-iiti*>;<«rXxi. txst^ that it i^ Lari^r. The *toae* in :t 
we mil wcasbemi ; iie:<d-iirz 2s zbjherawfl, ir.i *; «« all «:4lca»c^u$ fossils. 
with the tuc^^xLiTL ci a sirLzie nTich-Jecajed fnz'-*£S ci n-isin-Aliaa bone. 
Blue concreticiis :f rh n*T^:e of iric ocvna* bew a-i ar CHteni. "I'he grates^t 
thickness of t'ne Fr**i:-Tittr Bed in this patch dx? -c^ exowJ thw* feet, and 
it »on either t'iiz* cc: or tntiieJr chances : for a few yarvis fxirther. where the 
biae of the Tin has risen f.ur ce fire feet, there is . — 

TilL Feet. 

•• Fofest-be»i " ' Sand with a Utile riar ind lignite - - 2 to 4 

estoarine *, Grten laminated cI*t - - - ^ 

Beach. 

and from this poi'tt to H&ppisborsrh Ganprar we hire the usual co>ntinu^ 
chan^ and filse-bed Jing of the middle division of the '' Forwt-bed/' 

It u probahle th»t from the two fresh-water deposits just described, the 
ReT. S. W. Kine obtained most of the plants determined by Professor Hecr ;* 
but as the Post-glacial alluvium S.£. of Happisbursh has till now ^^een con- 
founded with the " Fopest-bcd," it has been though: safer in the absence of 
information as to the exact localities where the s}>ecimens were found to omit 
from the lists one or two species for which we have no corroborative e\'idence. 
For the same reason, the reputed occurrence of the roe deer \Cemts caprtoitif^, 
only known in the King Collection Jn Mus., Jermyn Street \ and from a second 
specimen of doubtful origin, is believed to be founded on Post-glacial specimens. 

For 20<J yards S,E. of the Gangway, the - Forest-bed " is traceable at the 
base of the clifiT, and consists of hmiinated clay, sand, and clay-pebbles, full of 
drifted wood and tree-stumps. About 350 yards further, it is seen at the foot 
of the beach^ and can be followed to within 1^ quarter of a mile of the Low 
Lighthouse ; but the character is peculiar, and it is uncertain to which division 
the exposure belongs. It consists of carbonaceous silt, full of small pieces of 
wood, with occasional fir cones, passing laterally into hard blue-black car- 
bonaceous clav with earthy ferruginous concretions containing scattered twigs. 

This is the last exposure of the " Forest-bed " \'isible north of Yarmouth ; 
for a few yards further the base of the Boulder Clay sinks below low-\(*ater 
mark. The " Forest-bed " mentioned by several authors as occurring at 
Eccles and Palling is undoubtedly a recent deposit, for it can be seen to rest 
on Boulder clay. 

Though so little of the *' Forest-bed " is above the sea level south of 
Happisburgh, there is evidently a considerable thickness below ; for after the 
storm of January 30th, 1877^ large slabs of fresh- water clay-ironstone, and 
pan were thrown up on the beach at Happisburgh and Eccles. These slabs 
are full of impressions of leaves of oak^ elm, beech, birch, and willow ; they 
contain seeds of the bog-bean and casts of Unto oictorum, Paludina,BXid a 
species of fish, probably the roach. Fragments of this fossiliferous ironstone, 
which appears to represent the Lower Fresh-water Bed, occur at many places 
in the sstuarine gravels of the " Forest-bed." 

As, from the size and angularity of the slabs, the ironstone was evidently in 
place under the sea at Happisburgh, it was dragged for from a boat. .\t half 
a mile N.N.E. of the Low Lighthouse we found a rocky bottom at 10 fathoms ; 
and as the boat drifted further out the lead swung off what appeared to be a 
submarine cliff, and dropped into 15} fathoms, the arming showing sand with 
black specks in this hollow. We then tried to detach slabs of the rock with 
grappling irons, but after twice getting them fixed we had to abandon the 
attempt. The teeth of the irons were bent by the strain, and had evidently 
played against a fine-grained tough ferruginous rock like the slabH found on 
the beach. Six weeks later another attempt was made to examine this bod, 
but it was found that where rrenously there had been 10 or 15 fathoms, there 
was now only at most 6^. The presence of sandbanks near the shore causes 



See LyeD's « Antiquity of Man," 4th ed., p. 256. 
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the tide to flow in regular channels, which, during gales, are scoured to a great 
depth, only to be again filled up. In this way subnuirine denudation proceeds 
at depths considerably greater than it is likely to do in the open sea. 

There is no evidence of the full thickness *of the " Forest-bed " at Happis- 
burgh, but it extends from high-water to at least 10 fathoms below low-water 
(including the ironstone), which would make it over /() feet. From the 
occiurrence of the submarine cliff mentioned above, it is clear that the iron- 
stone rests not on chalk but on soft beds, which extend to a least I5i fathoms. 
These beds may be Eocene ; but if belonging to the Crag, they raise the total 
thickness of the Pliocene Beds at this point to over 100 feet. 

About tliree-quarters of a mile from the shore opposite Happisborgh lam 
quantities of bones and teeth of elephant, &c. have been obtained by the 
oyster dredgers. The oysters are now all destroyed, and dredging is stopped, 
but fossils were already getting scarce. The Rev. J. Layton, who was hving 
in the neighbourhood when the oyster-bank was discovered, made a large 
collection of the fossil bones.* Mr. Samuel Woodward, writing in \S&, 
observes that '* Tlie oyster-bed off Hasbro' was discovered in the year 1820, 
and during the first 12 months many hundred specimens of the molar teeth 
of the elephant were destroyed by the fishermen, who amused thenuelTes by 
breaking them, their wonder being excited bv the grinders separating into 
laminse/'t The "Forest-bed'' specimens dredged from the Happisburgh 
oystej*-ground must not be confounded with the Pleistocene mammalia obtained 
abundantly by trawlers on the Dogger Bank. As the Yarmouth trawlers pass 
Happisburgh on the way to the Bank, and also trawl in that neighbourhood, 
some of the dredged fossils in collections have probably been put down to the 
wrong locality.J 

Affc of the •' Forcst'bedy 

From the details already given it is clear that the Cromer 
Forest-bed lies above the Weybourn Crag, but from the corre- 
spondence of the fossils^ as far as they are comparable, the two 
deposits appear to be closely allied. In the Estuarine division of 
the " Forest-bed " we find numerous characteristic Crag speciee, 
and the maiine moUusca agree so exactly with those of the Wey- 
bourn Crng that evidently there was not a sufficient lapse of time 
between them to allow of any noticeable change in the fauna. 
Unfortunately too few land and fresh-water shells are known from 
the older Crags, and too few marine shells from the " Forest-bed," 
to admit of a numerical comparison ; but no marine forms are yet 
known to occur in the " Forest-l>cd " that have not been found in 
the Weybourn Crag. Of the mammals several species are common 
to the '* Forest-bed " and Norwich Crag, but these are more fully 
refen-cd to in Chap. VIIL and in Mr. Newton's Memoir. 

Tlie *' Forest-bed " bones are generally broken, but not roUed ; 
and the only instance in which several have been found in their 
natural po&ition is a collection of the foot-bones of an elephant, 
now in the Norwich Museum. It is, therefore, possible that some 
of the mammalian remains in the estuarine beds may have been 
washed out of the destroyed Lower Fresh-water Bed, but there 
is not a ti^ace of any derivative fossil from Pliocene beds older 
than the Weybourn Crag. From the abundance of uninjared 

* Lay ton, ** Account of the Fossil Remains in the Neighbourhood of Ilasborough,*' 
Edin. Journ. of Sci., vol. vi., p. 199, 1827. 
t S. Woodward, Geology of Norfolk, p. 23. 
% See papers by W. Davies, Geol. Mag., vol. v., pp. 97, 443. 
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• 

delicate land and fresh-water shells in the cstuarine clay at East 
Runton^ there can be no doubt that they are contemporaneous 
with the deposit, while it is probable that in the 'bones associated 
with them, we have the corresponding vertebrate fauna of the 
period. The scattering of the skeletons and breaking of the 
bones, may be sufficiently accounted for by the evidence of strong 
currents in the false-bedded masses of clay-pebbles and gravel in 
which the mammalia occur. 

The mammals of the Upper Fresh-water Bed evidently belong 
to the deposit ; and it is noticeable that several Pliocene forms are 
found, including Rhinoceros Etruscus and Arvicola mtninedius ; but 
there is at present no trace of the elephant, though in the under- 
lying beds its teeth are amongst the most common fossils. The 
general character of the fauna and flora will be again alluded to 
in the chapter on Climate. 



46 



CHAPTER VI.— LEDA-MYALIS BED. 

General Descnption, 

The marine deposit overlying the " Forest-bed '' at West Bunion 
has been known for many years, but its exact relation to the Crag 
and to the Glacial Beds is still an open question. The name 
*' Leda-myaJis Clay " was first used as a local term for this par- 
ticular section by Prof. W. King in 1863*, and haa since been 
adopted by me, wherever seen, for the horizon between the Upper 
Fresh-water Bed of the Forest Bed Series and the Arctic Fresh- 
water Bed. At present very little is known about its fauna, for 
the bed is very sparingly fossiliferous ; but the fossils that do 
occur are generally found in colonies in the position of life. It 
is this bed that has often, though erroneously, been correlated 
with the Bure Valley Beds, and has led some to place the 
Norwich Crag over the " Forest-bed." 

The general character of the Lcda-mynlh Bed is a fine false- 
bedded loamy sand with grains of Chalk, thin seams of loam or 
clay, and a little gravel. The whole deposit, which nowhere 
exceeds 20 feet in thickness, is much more constant in lithological 
character than any of the associated beds. 

'DetmU, 

■ 

In the immediate neighbourhood of Weyboum no trace of this horizon has 
yet been found, and the first fossiliferous section occurs about 700 yards west 
of Old Hithe. Here, above the shelly Wey bourn Crag, may be seen a bed of 
stifPblue clay with fragments of oysters; but as there is much talus oaeach 
side of the section, and a glacial disturbance also affects the beds, it is impos- 
sible to trace the clay more than a few yards. 

Though unfossiliferous sections under Skelding Hill have in previous 
chapters been doubtfully referred to this horizon, no exposure showing either 
fossils or satisfactory stratigraphical relations, occurs in this direction tiU we 
arrive at a point a quarter of a mile west of Lower Shcrringham, and nearly 
under the style at the ed>(e of the cliflP. Unfortunately at this point there are 
constant landslips, and all that can definitely be made out is, that, resting 
directly on the Weybourn Crag, and lying in a basin eroded through the " Forest- 
bed," there is a mass of sand and small gravel, the lower 5 feet of which is full 
of oysters with the valves united. The character of this deposit shows a depth 
of water of at least 5 fathoms, probably of about 10; while the underlying 
Weybourn Crag is a shallow-water bed formed at or just below low-water 
mark. This ovster bed thins out very suddenly both east and west; for 
though so thick in the centre, and full of fossils, no shells are seen in it 
20 yards away in either direction. Owing to the mud streams and constant 
slips, it has not been possible properly to examine the section, but it is likely to 
yield an important fauna. The shells are difiicult to extract, being sativated 

• Geologist, vol. vi., i>. lOo. When I first used the name ((ieol. Mag., Decade M., 
vol. iv., p. 304,) I wi'i unaware that it hud been previously jrivon. — C. \\. 
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with water and ver^ tender, but when dried they harden^ and will bear 
handling. The species obtained were : — 

Litforina litiorea, Linn. Mytilus edtdis, Linn. 

Natica, sp. X Ostrea edulis, Linn. 
Purpura lapillus, Linn. Tellina Balthica, Linn. 

Cardium edule, Linn. obliqua, Sow. 

X Cyprina hlandica, Linn, (young only). Balanus, sp. 

Those marked X had the valves united. A few yards both to the right and 
to the left the clays of the " Forest-bed " come on between the Weyboum Crag 
and the Ltda-myalis Bed. 

The next fossil if erous exposure is at Beeston, where gravelly sand with 
occasional scattered marine shells, can be seen in vertical section definitely 
between the Upper and the Arctic Fresh-water Beds (see folding plate), all the 
beds being f os si lif erous. The only shells that could be found here were Tellina 
Balthica and Cyprina Islandica, 

From Beeston to Cromer the bed appears to be continuous, except where 
cut out by the Boulder Clay, but the only fossiliferous sections are at West 
Runton, and between that place and Wood Hill. At West Runton on each 
side of the Gap is found the bed with Mya truncata, so often alluded to by 
different authors, and first mentioned by Trimmer in 1845.* The section on 
the east side of the Gap is : — 

Feet. 
Soil - - . - - - - 1 

Contorted Drift - - Contorted stony loam, marl, and sand- 30 

' Fine false-bedded sand with thin seams 
of loam, and gravelly base full of 
shells - - - 15 



Leda-myalis Bed 



Upper Fresh-water Bed Fresh-water sand and peaty loam 

" Forest Bed " / Weathered loam with roots and frag- 

(estuarine). \ ments of marine shells (Rootlet Bed) 
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The follovring species of mollusca were found in the Leda^myalis Bed ; 
but here, as at Sherringhatn, the exposure has been very obscure for several 
years: — 

Buccinum undatum, Linn. Cardium edule, Linn. 

Littorina littorea, Linn. Cyprina Islandica, Linn. 

rudis, Maton. X Leda myalis. Couth. 

Purpura lapillus, Linn. X Mya truncata, Linn. 
Trophon antiquus, Linn. Mytilus edulis, Linn. 

reversed var. Ostrea edulis, Linn. 

Natica catena f Da Costa. Tellina Balthica, Linn. 

X Astarte horealis, Chem. 

The shells marked x were found in the ])osition of life \vith the valves united. 
Trimmer also mentions Tellina obliqua, Mya arenaria, and Natica helicoides 
from this spot. Besides these marine species, the bed contains a good many 
fresh-water forms, evidently washed out of the sands two or three yards 
away. 

Under Wood Hill a few scattered shells have also been found, including a 
single valve of Tellina obliqua; though the bed is generally from 10 to 15 feet 
thick, fossils arc very rare and confined to the base. 

To the south-east of Wood Hill, the Ijeda-myalis Bed can be traced as fieur as 
Cromer with the same lithological character, but no fossils have yet been 
found in it. During some alterations to the cellar of a house on Cromer sea* 
wall the sands were well shown, though neither the top nor bottom was 
exposed. Between Cromer and Kirby Hill, un fossiliferous sections can be 
seen whenever the cliff is free from talus ; but the bed is becoming attenuated, 
and towards Beck Hithe it appears to thin out altogether against the 
Boulder Clav. 

* "On the Cliffs of the Northern Drift on tho Coasit of Norfolk, between Weyboume 
and llappis«\)urgh.'*— Quart. .Journ. Geol. Soc, vol. i., p. 218. Proc. Geol. Soc, 
vol. iv., p. 435. 
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Though the horizon may be represented by unfossiliferous beds in several 
places, it has not been again recognized till we reach Mundesley. At that 

?lace the mass of clay-pebbles, with Littorina and Mytilus cutting through the 
Ipper Fresh-water Bed, has, from its stratigraphical position, been referred to 
the Leda-myalis Bed. It is clear that this littoral deposit can scarcely be the 
exact equivalent of the deei)er water sands of Sherringham and West Runton ; 
but a submergence of about 50 feet would not in anv probability occur 
suddenly, though the marine and fresh-water beds of tN'est Runton are in 
contact, without intervening estuarine beds. The Mundesley clay may, there- 
fore, represent a slightly earher or later stage of the same deposit, intermediate 
between the period of greatest submergence and the earlier or later period of 
elevation. 

The marine bed at Mundesley probably extends for some distance in either 
direction, but when the underlying Unio Bed dies out, it is nearly impossible 
to separate the Leda-myalis Bed from the very similar estuarine clays of tlie 
" Forest-bed." The horizon has not yet been recognized further south-east or 
inland. 

Relation to the Crag. 

From its unconformity with the under- and over-lying Fresh- 
water Beds^ and the small fauna yet obtained, it is impossible at 
present to say definitely whether the Leda-myalis Bed is more 
allied to the Crag or to the Glacial Deposits. As far as known, 
the shells corre8i)ond with those of the Crag, including two well- 
known forms^ — the reversed Trophon antiguus and Tcllina ohliqua; 
not one of the 19 species yet collected being a new arrival. 
Therefore, as the most marked line of distinction is where the 
definite Glacial Deposits come on above, till further evidence is 
obtained the bed will be included in the Newer Pliocene. 
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CHAPTER VII.— INLAND SECTIONS OF THE 

PLIOCENE BEDS. 

Owing to isolation and the absence of Fossils, it is in many cases 
(Utlieult to say to which division of the Pliocene Beds the inland 
sections in the district here described may belong. The whole of 
the bedd arc therefore taken together, attention being drawn to 
the probable age of the different exposures, where it can be inferred 
with safety. 

Details. 

West of Weyl)ourii the only sections known are at Letheringsett, in Quarter- 
Sheet 68 S.W. From the position and lithological character of the beds there- 
is little doubt that they represent the beach deposit of the Weyboiurn Craf( 
sea. No fossils were found, but the absence of shells is a common character in 
shingle beaches.* The largest pit, marked Kiln on the map, is half a mile 
north-west of Letherinf^sett ; it snows: — 

Feet. 
Soil. 

n A ^^A rfc -ft. / Boulder Clav, very chalky - . - 5 

^^^'^^^ *^""^ 1 Streaky brick-earth and marl - - to 1 

w 1 r«-^ f Shingle, almost entirely flint - - 3 

W eybourn Crag | j^^y '^^ ^ ^„ j large worn flints - 1 

Chalk, probably 20 feet above the level of the stream. 

Another part of the same pit shows 3 or 4 feet of alternating laminated clav 
and lines of pebbles. A pit by the R. of Rock Hill, now disused and much 
obscured, shows similar though more sandy beds resting on the Chalk, which 
at that point is nearly 50 feet above high-water mark. 

Bacton being the only place where Pre-glacial Beds appear at the surface 
near the coast, and can be followed inland to the Ant and Bure Valleys, the 
description will bi' commenced ut that place, and the sections traced south>\'ard 
to Dilnam, and thence in a westerly direction to Aylsham. 

Barton and the Ant Valley. 

llie beds immediately under the Boulder Clay at Bacton are generally the 
quartzite-gravels, quartzose sands, and laminatea loams of the ** Forest-bed,'* 
and it is nroliably to this division of the Newer Pliocene that all the sections 
between Bacton and Honing belong. 

The soil in the valley between Bacton and Ridlington shows an abundance 
of quartz and quartzite pebbles. In a ])it at the east corner of Ridlington 
Common the following section is seen : — 

Feet. 
Soil - - Stony loam - - - - 2 

" F t I td " / Laminated sandv loam - - - 2 

rorcsi- "\ Pebbly and sanfly quartzose gravel - .'i 

Another pit, 170 yards further west, shows coarse sand and quartzose gravel. 

At Crostwight tlie exposure in the valley widens to about a mile, and the 
Pliocene Beds rise to a considerable height. A pit on the highest part of 
Crostwight Heath shows in one place angular gravel, i>robably Post-glacial, 
resting on quartzite gravel ; at another i)oint at the same height the pebble- 



• Mr. Woodward has recognized similar representative^ of the Pliocene Bod-^ at 
Broom Green and Guist, some distance south-weNt of Letheriiigsctt. 

R ll'J5. D 
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gravel is at the surface. On Fox Common fine quartzose sand is seen, but 
there is no clear section. A pit half a mile south of Crostwight Hall shows 
10 feet of sand and gravel made up of worn and unworn nints, quartzite 
pebbles, &c. with box stones. Similar beds apparently continue to the water- 
level and to the top of the hill. 

At Honing, U^ht-coloured sand with quartzite pebbles has been dug at 
Furze Close ; and on the Common east of Newbridge there are several pits in 
coarse sand, or false-bedded sandy gravel, composed of quartz pebbles, sub- 
angular flints, &c. The fossiliferous Weyboum Crag found in the railway 
cutting at Black MiU has been alreadv mentioned in Chapter IV. On the 
Common north of Dee Bridge light-coloured pebbly sand with much quartz 
is seen about 8 feet above the Allu^^um. A pit north of the Dairy House Farm 
shows strongly false-bedded orange sandy gravel with ironstone nodules. 

** North-east of Bengate, Worstead, a pit showed 10 feet of greenish-grey 
^and and pebbly gravel ; and by the Almshouses, further north, pebbly gravel 
and grey laminated clay were to be seen beneath a peaty deposit (Alluvium)."* 

At Brumstead, a well half a mile west of the church, and close to the 
Alluvium, showed : — 

Feet. 
Soil and loam .... . - 2} 

Fine whitish sand (2 feet of water) .... 5 

At Stalham, a well at the Board School showed : — 

Feet. 
Glacial - - Brick-earth - - - -9 or 10 

P - - Sand, clay, and gravel - - 10 

*' Forest Bed " P Clean sand - - - 3 

The bottom of this well is probably 8 feet below the water-level in the canal. 

Two brick-yards west of Smallburgh Poorhouse appear to be in weathered 
pre-glacial laminated loams, but the sections are not good enough to decide 
the question. 

In a pit at Sloley Upper Street there is 13 feet of false-bedded rather loamy 
sand, with a little quartz-gravel, thin clays, and a lenticular mass of clay- 
pebbles. About 40 per cent, of the stones are foreign. The pit has been dug 
to the water-level. 

** A shed-horn of a species of deer was found in sinking a well at Sloley; 
the specimen is now in the Gunn Collection, Norwich Museum. "f 

Bure Valley. 

The following notes are by Mr. Woodward : — 

In the Bure Valley the beds comprise pebbly gravel and sand, with here and 
there ''jambs " of laminated clav &ud occasional patches of shells. In thick- 
ness they probably do not exceed 30 feet, llie sections in the lower part of 
the valley (in Quaker-Sheet 66 N.E.) are described in the Memoir on the Geo- 
logy of the Country around Norwich, where also the relations of the beds to 
other portions of the Norwich Crag Series are discussed. 

In the area now under consideration the beds that underlie the Lower 
Glacial Brickearth (Contorted Drift) have been divided thus : — 

Norwich 
Series. 



Pebbly sands and pebble beds. [Bure Valley Beds.] 
Laminated Clav. [Chillesford Clay.] 
. Sand and pebbly gravel. [Chillesford Crag.] 



Messrs. Wood and Harmer have made these subdivisions in the beds at 
Burgh Kiln, near Aylsham,t but they are far from persistent anywhere in the 
distnct, and the beds which these geologists separate from the Norwich Crag, 
and term " Bure Valley Beds" (Lower Glacial Sands of Wood and Harmer) 
cannot, in my opinion, be so distinguished. The occurrence in them of 
Tellina Balthica, regarded by Messrs. Wood and Harmer as a test for Glacial 

♦ From Mr. Woodward's Note?. f Ibid. 

+ See their Map of the Crag District (Pala^outograph. Soc), Section No. IX. 
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and Post-glacial beds, has been shown to have no weight, ftrom its abundance 
at the base of the " Pre-glacial Forest-bed Series."* {See also Mr. Reid's 
remarks, pp. 9, 17.) 

Laminated clay too occurs at various horizons in the series ; hence litho- 
lo^cal characters cannot be depended on for the identification of local and 
mmute divisions. Looked at in a large way, the beds maintain a general 
character of false-bedded sand and pebbly gravel, oft«n streaked uith laminated 
clay, which renders the determination of the series easy at a glance. In the 
Bure Valley, below Buxton and Lammas, the upper portions of the series, con- 
sisting generally of pebblv sands and pebble beas, contain shell-patches with 
TeUina Balthica ; and although these beds have not proved to be fossiliferous 
in the area now under consideration, there can be little doubt that, like the 
so-called typical " Bure Valley Beds," they contain no representatives of a 
higher horizon than the Weybourn Crag. 

Tuttington. — B^ the wood, west of Blackwater Beck, a gravel-pit showed 
6 feet of coarse flmt-gravel and sand, with quartzite, &c. 

At Stow Heath, Felmingham, the gravel rests on brickearth, possibly one of 
the laminated clays in the Crag Series. 

Oxnead, — Several pits in this parish show the pebbly gravel resting on the 
Chalk, with here and there traces of the Contorted Drift above. The Crag 
Series is in places disturbed, partly nerhaps by subsidence of the beds, caused 
by *' pipes " in the Chalk. About 20 feet of false-bedded sand and gravel was 
to be seen in this neighbourhood ; and in one pit about 4 feet of laminated 
clay was seen resting on false-bedded sand, and capped by about 9 feet of 
pebbly sand. 

Brampton. — ^West of Oznead Bridge a pit showed 8 feet of pebblv sand, with 
seams of laminated clay, resting on an irregular '' piped " surface of Chalk. 

East of Field Barn a pit showed about 15 feet of pebbly gravel resting on 
the Chidk. South-east of Hudson's Bay the Chalk is capped by a bed of 
unworn and rounded flints, called the Stone-bed ; and in one part of the pit 
there is a bed of brown brickearth, either a clay bed in the Crag Series or a 
mass of Contorted Drift. 

West of Brampton Hall a pit showed 5 feet of brown brickearth, resting on 
the same thickness of sand and pebbly gravel. 

Marsham, — R. C. Taylor first observed the Crag in this neighbourhood. 
He has remarked that '' At Marsham, and in the adjacent vales, it is again 
discoverable, accompanied with many bones of animals, large vertebrae, and 

horns of deer.*'t 

Since then, a section opened in gravellv beds at this locality displayed a 
layer of iron-pan, from which Mr. T. G. Bayfield obtained casts of Mytiltis, 
CardiuMy and Donaa.X 

Burgh-next'AyUham, — South-east of Burgh Hall the following section was 
exposed : — 

r Pebbly sand and gravel, - 12 to 15 feet. 
Norwich Crag Series, i Laminated clay and sand - 1 , £ . 

L Stone bed - • " J 

Chalk. 

At Burgh Kiln the best section in the area is to be seen, though unfor- 
tunately the pit is not now worked (1879). It is as follows :— 

f Sand and gravel - - - fi feet. 

Norwich I Laminateaclay with gravelly and \ r »- ^ x 
Crag ^ sandy seams - *^ - ^ .jf, or /feet. 

SeriPii. ^g^^^eUn^ «and, with clay-pebbles | ^ ^^^^ ^^ ^ ^^^^ ^^.^^ 
Chalk with flints - - - <> to 8 feet shown. 



* See Proc. Norwich Geol. Soc, vol. i., pp. 50, HI. 
t Geologj' of East Norfolk, p. 17. 
t Norfolk News, Sept. 9, 1871. 
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Fig. 6. 
Section at Burgh, near Aylsham, 




Sand and Gravel 



- 6 feet. 



Laminated Clay , with gravelly 1 - ^ ^ ^ , 
and sandy seiiLs - ^}6 or 7 feet. 



Gravel and sand, with clay I 

pebbles - - - I Ift. to 18 in. 

Stone bed - - - J 



Chalk, with flints 



- 6 to 8 feet. 



//.e.w 



/-\- 



Shells of the Norwich Crag were noticed here by Mr. Gunn and Professor 
Prestwich,'*' and I obtained a few fragmentary specimens. 

The following list includes all the species recorded from this locality : — 

fLittorina littorea, Linn. 

Scalaria Grcrnlandica, Chemn. 

Trophon antiquus, Linn., var. striatum. 
„ „ „ var. contrarium. 

Turritella terebra, Linn. 
fAstarte borealis, Chemn, 
t „ compressa, Mont. 
tCardium edule, Linn. 
tCyprina Islandica, Linn. 
tCorbula striata, Walker and Boys. 
fCyclas cornea, Linn. 
tCorbicula fluminalis, Miill. 
fLeda oblongoides, 5. JVood. 
fLucina bor^is, Linn. 

Mactra ovalis, J. Sow. 
f Mya arenaria, Ijinn. 

Tellina lata, Gmel. 
f „ obliqua, G. Sotc. 

Aylsham. — ^The occurrence of the Crag at this locality was noticed by 
R. (5. Taylor. He observed that ** at Aylsham, on sinking a well in 1824, at 
** the depth of 60 feet, a bed 4 feet thick of crag shells was met with. They 



* Quart. Journ. Geol. Soc., vol. xxvii., pp. 459, 468. 
t On the authority of Mr. F. W. Harmer. 
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^* consisted of the genera 3f urea? [^Trophon atttiquu8?\ Turbo [^=Littorina 
** Uttorea ?]y Nafica, Macira, Venus l=Astarte or Lucina], and Tellina.*** 

While resident at Aylsham a well >vas sunk for the cottage at the siding bj 
the lane between Mucklands and The Greens, and the following beds were 
proved : — 

Glacial - Loam - - - - 4 feet. 

Chalk. 

From the Stone-bed I obtained Astarte horealis^ Cyprina hlandica, and Afya 
•arenaria. 

At the Lime-kiln west of Hudson's Bay a section showed pebbly gravel and 
Band with much ironstone, resting on the Chalk. East of MiUgate a pit 
showed brown loam (Contorted Drift) resting irregularly on disturbed sands of 
the Crag Series. East of Bushey Place sand and peoblv gravel have been 
dug ; and at one point (above the letters ce of Place on the map) Chalk was 
reached. Between Aylsham and Spratt's Green, and west of Burgh Church, 
several pits have been opened through the Crag Series to the Chalk. 

Xortn of Drabblegate 15 feet of [lebbly gravel and sand, with much iron- 
stone, was exposed. 

North of the Rookery, by Aylsham Wood House, a gravel-pit showed among 
the stones, abundant flint-pebbles, quartz, quartzite, and a large block of 
Basalt, about 18 inches square. 

Ingworth. — North of the letters Ing of Ingworth Bridge (on the map) gravel 
and sand have been dug. 

Blickling. — By the river east of the Tanning Office, 20 feet of sand and fine 
gravel have been exposed. 

H. B. Woodward. 

* Geology of East Norfolk, p. 17. 
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CHAPTER VIII.— CLIMATE,PHYSICALGEOGRAPHY, 
AND NATURAL HISTORY OF THE NEWER 
PLIOCENE PERIOD. 

Discrepancies in the evidence as to Climate, 

In Chapter IV. attention was drawn to the very arctic charac- 
ter of the marine fauna'of the Weybourn Crag ; a character which, 
as the late Mr. S. V. Wood so ably showed with regard to the 
mollusca, became steadily more and more prominent during the 
whole of the Pliocene Period, from the Coralline Crag upwards, 
through the gradual dying out of the southern forms, and multipli- 
cation of the northern. 

But when we turn to the land and fresh-water moUusca the 
result is diametrically opposite ; for of the 61 species now deter- 
mined, 50 are at present living in Norfolk, 6 are extinct, 2 are 
continental forms living in the same latitudes as Norfolk {Hydro^ 
bia Steiniiy Sweden and near Berlin, and Valvata fluviatilis^ 
Belgium and Germany) ; and the other 3 are all southern forms 
not now li\dng in northern Europe {Hydrobia marginatay South 
of France, Lithoglyjihus fuscus^ Danube, and Corhicula JluminaliSy 
Nile). There is not a single species having an especially arctic 
range. It may be objected that the ** Forest-bed '* fauna and that of 
the Weybourn Crag are not exactly contemporaneous, and that a 
change of climate may account for the discrepancy. But, in reply 
to this, it is enough to point out that the most typically southern 
of the freeh-water mollusca occur mixed with the arctic marine 
shells in the Weybourn Crag ; and therefore we may fairly con- 
clude that the two faunas lived in adjoining districts during the 
same period. I have laid special stress on the comparison of the 
mollusca, for we have long lists of the species inhabiting the land, 
the sea, and the lakes ; nevertheless, as far as known, the same 
discordance aflPects other classes. The land mammals have a 
decidedly southern facies, while the few marine forms seem rather 
northern. 

For evidence of climate, the first place must be given to the 
plants, as the same slow variation which renders plants so very 
unsatisfactory in questions of classification, gives them the highest 
value when we inquire into climate ; besides which, plants, as a 
rule, are more directly affected by changes of temperature than 
animals. The " Forest-bed " has yielded oak, beech, elm, pine, fir, 
and yew. It is, therefore, clear that the conditions cannot have 
differed greatly from those of Norfolk at the present day, or these 
trees could not have flourished. To explain the apparent con- 
tradictions in the evidence as to the climate of the period, it will 
be necessary to give an outline of the physical geography, and 
show its bearing on the character of the fauna and flora. 
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Physical Geography. 

In the following outline the rule has been followed of not 
assuming any tilting or disturbance in beds of so recent a date 
unless such can be clearly proved. In this instance the facts tell 
strongly against any tilting, and we are not merely confined to 
negative evidence ; for if the various sections of the Upper Fresh- 
water Beds are examined, we find that all appear to have been 
formed in large shallow lakes, like the present Broads of Norfolk,. 
or in sluggish streams connected with them. Moreover, where 
the streams cut into the underlying estuarine beds, they all scoop 
to about the same depth, probably having eroded their channels 
till they reached the sea-level. If Mr. Gunn* and Mr. Blaket are 
correct in correlating the fresh- water bed at Kessingland with that 
at W^st Runton, and there is very little doubt of the accuracy of 
this view, the bed can be traced for 40 miles at the same level, 
and showing the same shallow water conditions, so that a tilting of' 
not more than 10 feet would have left clear traces of its influence. 
The line along which this bed can be followed lies not merely in 
one direction, for the coast curves, and we can trace the horizoi^ 
both southward and westward. 

Further evidence of the regularity of the rise and fall of the 
land, is the way in which the different deposits thin out as they are 
traced westward. In that direction the Chalk rbes, and the marine 
appear to overlap the fresh-water beds against the rising land^ 
The lower portion of the " Forest-bed,*' which contains most of the 
large mammals and a very littoral marine faima, is also overlapped ;. 
and the Kev. O. Fisher is probably correct in stating that it only 
extends a short distance west of Lower Sherringham. This view 
accounts without difficulty for the absence of the fresh-water and 
estuarine beds in the neighbourhood of Norwich, for that district 
was probably above water and covered by fir forests during the 
formation of the Cromer *' Forest-bed." 

The most important feature in the physical geography of the 
period was undoubtedly the large " Forest-bed " river ; and if the 
direction of the flow of this river can be traced, we have the key by 
which the general structure of the country can be made out. With 
a view to decide this question, the old river gravels have been 
carefully examined, for they must have been derived from the land 
over which the river flowed. These gravels commonly contain 
fully 40 per cent, of stones other than flint ; and after a study ot 
the Glacial gravels and Boulder Clay stones, it is at once clear 
that they must have come from quite different districts. The 
proportions of the different rocks in 500 stones over an inch in 
diameter:|: obtained at Bacton was : — 

Little-worn flints - - - - 141 

Pebbles of light-coloured fine-grained quartzite 125 

flint - - - - 101 

vein quartz - - 54 






* Quart. Joiim., Geol. Soc, vol. xxxii., p. 125. 
t Proc. Norwich Geol. Soc, vol. i., p. 137. 

X If smaller stones had been chosen the proportion of quartz would have bce& 
larger. The sand Is mainly composed of grains of quartz, not flint. 
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Pebbles of hard sandstone - - - - 6 

„ fine-grained grit - - . 5 

Angular Greensand chert - - - 4 

5, green or bluish slaty rock - - 3 

Clay-ironstone (very variable) - - 61 

Various other rocks have been obtained in smaller numbers ; 
and in the following list an attempt has been made to show the 
probable age of the deposits from which the whole have been 
derived. J urassic rocks are entirely unrepresented in the river 
gravels, though Professor Prestwich has recorded their occurrence 
in the marine Crag at Weybourn and other localities: — 

Clay-ironstone with plant remains.'] j y , 

Cakes of peat, often bored by ^ n V' 

Fholas. J J'''^^^ ^^^' 

Jet, amber, and brown coal - Upper Eocene? 

Green-coated flints (common) - j 

Hertfordshire pudding-stone - > Eocene. 

Silicified wood - - - J 

Unworn Chalk flints - - - Chalk. 



Greensand or 
Neocomian. 



k 



Greenish chert - - - 

Cherty sandstone with fossils 

Well-worn pebbles of white or j p , , , , , 

cream -coloured fine-drained c r^ i.' 

... . * up 1 1 01 Cretaceous 

quar z.te, vem-quartz, black or y Neocomian 

purple grit, hard coarse sand- ^ 

stone, &c. - - -J ^ 

Angular fragments of a fine-"^ 

grained green or bluish .slaty | 
rock - - - - ^Carboniferous. 

Carboniferous Limestone chert - I 

Fragments of Hyalonema - -J 

In these Pre-glacial beds no igneous rocks occur, with the ex- 
ception of the single large granite boulder already mentioned 
(p. 28).* The liver coloured quartzites so characteristic of the 
Trias and Permian in the Midland Counties are also missing ; so 
that, even if the pebble-bed is of Triassic or Permian age, it can- 
not have been derived from those rocks in the Midland Counties. 
In fact, if the river had flowed from the south, west, or north, it 
must have brought a quite different collection of stones. From 
the north-east it would probably flow entirely over Chalk. It 
therefore seems that only from the south-east and east could the 
stones be derived. The evidence appears to point to a river 
flowing (tracing it towards its source) first over the Lower 
Tertiary basin which we know exists east of Yarmouth, then over 
Chalky Greensand, and a conglomerate probably of Cretaoeous or 
Neocomian age, which overlapped against the Palaeozoic rocks, as 
beds of that age are known to do near Harwich.f The Palasozoic 
rocks probably came to the surface as part of the old ridge which 

* Mr. Woodward mentions basalt at Aylsham. See ante, p. 58. 
t The pebble-l>eds maj, howerer, be of Eocene age, for similar quartrite pebbles 
occur in the Bagshot Sands near London. 
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Mr. Gotlff in- Austen lias described. From ihcm tlie angular pieees 
of elate and carboniferous-limestone client were probably derived. 

If this be the correct reading, the river ean be no other 
than the Rhine, — i view held by various writers ever since the 
Forest-bed was firit known.* That the river must have been very 
large is Bhoivn by the uniformity of the composition of the gravels 
at considvrnblo (lislances apart ; — the gravel of a small stream will 
generally be of local origin. From the size and angularity of 
many of the stones it is evident that Ihey must iiavc been brought 
down by river-ice. But this would not necessarily [)oiut to a more 
arctic climate than that of Norfolk at the present day, for during 
severe winters the ice-floes on the Thames are quite capable 
of transporting the largest of the bouWere. Professor Prestwich 
rcmarkst that on ibe lable-Iand above the Meuse, in Belgium, 
there is a gravel of a very similar character, and suggests that the 
stones may have been brought to Norfolk by some old river tra- 
versing the Ardennes. Tne plateau gravels above the Meuae 
are, however, full of veined quartzites of a characlor unknown in 
the " Forest-bed." The Forcst-bcd river appears certainly to 
have flowed from that direction ; but it seems unncccaaary to bring 
the materials such a long dislancc, though a large stream with 
floating ice contd probably do so. 

Acting on the hypothesis just brought forward, a sketch map 

of the physical geography of the country during the deposition 

of the "Forest-bed" has been constructed, and by reference to it 

the peculiar character of the fauna and flora can be explained. 

Fig. 7. 




. ._.... jt coursa of the Rhine UDd TbaoMii during the depo- 

(itioa of the " Forett-bed." 

* Stt Mpedallj J. GuQQ, " The Auglo-Belsian Basin," Geol. Mug., vol. iv., p. t&8, 1 B6T. 
t Qwrt. Jonn. Gcol. Soe., toI. xxvii., p. 477, 1871. 
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During the formation of the Comlline Crag there was a con- 
siderable submergence of the land^ and free connection between 
the German Ocean and more southern seas. Aften^'a^d3 the land 
rose, and the connection with all seas, except the Arctic, was 
cut off.* A further rise caused the Weybourn Crag to be 
deposited in a channel scoured through the older beds to the 
Chalk; this scouring probably taking place without the beds 
rising above the sea level. At this period the whole of the 
southern part of the North Sea appears to have been land, except 
the large estuary ; a change from its present state of less mag- 
nitude than at first sight appears, for the sea is extremely shallow. 
A rise of a few feet caused the Lower Fresh-water Bed to be 
formed, and then a slight subsidence allowed the peat to be bored 
by Pholus, broken up, and re-deposited in the estuarine division 
of the " Forest-bed." The relation of the Lower Fresh-water Bed 
to the " Forest-bed " appears, as already mentioned, to have cor- 
responded with that of the " submerged forests " at the mouths 
of our present rivers to the estuarine deposits now forming. 
Another rise of a few feet, and the estuarine " Forest-bed ** was 
turned into land, forming the *' Rootlet-bed " of Messrs. Gunn 
and Blake. This land was flooded ; and the shallow lakes, of 
which the Upper Fresh-water Bed is the evidence, spread over 
the greater part of the area. As the rise of the tide in estuaries 
is very variable and sometimes great^ it may be to such variations 
that some of the smaller changes are due. 

After the deposition of the Fresh-water Beds, a submergence 
of about 50 feet apparently caused the Leda-myalis Bed to over- 
lap most of these shallow water deposits, and in places to cut out 
the older Crags, and abut against a cliff in the Chalk, for it is 
full of Chalk grains. 



Changes in the Fauna and Flora. 

If the marine fauna of the different Crag beds is examined^ it 
is seen that there is a gradual dying out of southern forms and 
increase of northern, till at last in the Chillesford and Weyboum 
Crags the mollusca have a thoroughly arctic facies. This change 
has generally been referred to the greater intensity of the cold ; 
but in working out the physical geography of the Pliocene 
Period, I have been led to agree with Prof. Prestwich, that it 
is only to a small extent due to general climatic changes. When 
the connection with southern seas was cut off, the direct cooling 
action of northern currents, without any from the south, must 
have had some effect on the temperature of the water.f But, I 
believe, the change in the fauna was principally due to the sea 
being fully exposed to the north, so that there was a constant 

♦ See Godwin- Austen ** On the Kainozoic Formations of Belgium,*' Quart. Journ. 
Geol. Soc, vol. xxii., p. 238, 1866 ; and Prestwich "On the Structure of the Crag 
Beds," ibid., vol. xxvii., p. 475, 1871. 

t See Prestwich, op. cit., p. 478. 
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supply of arctic species brought by every tide or storm^ while 
at the same time the southern forms had to hold their own with- 
out any aid from without ; and if one was exterminated^ it could 
not be replaced. In this way, of two species, a southern and a 
northern, equally fitted for any station, the northeru would have 
the best chance of surviving, and would probably exterminate the 
southern. The fact that not a single southern species appears 
for the first time in the Fluvio-marine, Chilleaford, or Weybourn 
Crags seems clearly to show that they could not migrate into 
the district, owing to some barrier. 

Taking now the land fauna and flora, it is seen that the same 
elevation which would raise a barrier to the migration of marine 
species, would form a highway for the land and fresh-water, and 
we can apply to them the same reasoning as is used above, merely 
changing north for south. 

Thus in the " Forest-bed " we find a distinctly southern land 
fauna contemporaneous with an equally marked arctic marine fauna; 
the plants at the same time showing that the average climate was 
much tlie same as that of Norfolk at the present day, though perhaps 
more continental, i.e., hotter in siunmer and colder in winter. 



Analysis of the Fauna and Flora of the Weybourn Crag and 

'' Forest-bed:' 

In analyzing the fauna and flora of the Weybourn Crag and 
" Forest-bed" the first thing that strikes one is the marked contrast, 
long since pointed out by Lyell, between the familiar character 
of the plants, most of which are now living in Norfolk, and the 
strange appearance of the mammals. We can point to no part 
of the world where a similar assemblage is now living ; for though 
South Africa shows an equally varied fauna of large species, the 
deer of the Forest-bed are' there replaced by antelopes. Of 25 
large land mammals found in the Forest-bed, only three are now 
living in Britain, or have been living there within the historic 
period, and only five still exist in any part of the world. The 
small inconspicuous mammals, which are also the lowest types, 
are mostly recent forms ; but as the smaller species are practically 
imknown from beds beneath the Forest-bed, any comparison 
between the different Pliocene Beds must deal exclusively with 
the larger species, for the large forms are fairly well known from 
each horizon. Mr. E. T. Newton has drawn up the following 
table for the comparison of the Forest-bed vertebrate fauna 
withthat of the older and newer beds; but anv definite conclusions 
are at present rendered unsafe through the deficiency of our 
knowledge of the Norwich Crag mammals. It is interesting, 
however, to notice the persistence of the lower types through long 
periods ; the fish of the Coralline Crag being, like those of the 
Weybourn Crag, principally existing forms.* 

• See aUo E. T. Newton, Memoir on " The Vcrtebrata of the Forest Bed," p. 130. 
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Distrthntion of the Mammak. 

Total Species. Liviug. Extinct. 



Coralline jukI Red Crag - 


45 





45 


Norwich Crag 


17 


about 5 


12 


Forest-bed - - - 


39 


17 


22 


Pleifcftocene 


49 


41 


8 



The iiuiiibers from the Coralline and Red Crag are taken from 
a paper by ^[es.sis. A. and R. Bell ;* those of the Norwich Crag 
from Mr. AVood ward's Memoir; the Pleistocene species are given 
on the authority of Prof. W. Boyd Dawkins.t 

At first it does not seem clear why the Glacial Period should 
have exterminated so many large mammals and left the smaller 
species ; but a more minute examination of the fauna shows that 
most of the forms which did not survive till Pleistocene times 
were highly specialized herbivora which would die out through 
the gradual change in tlie vcgetntion as the climate became colder. 
The surviving forms, on the other hand, are principally the 
omnivorous voles, mice, and shrews, and the carnivora. All 
these can accommodate themselves without difficulty to a change 
of diet, and would probably be able to exist through the Glacial 
Period north of the Alps, or if locally exterminated could pass 
that barrier, and return when the climate ameliorated. 

The occurrence of the glutton, now an exclusively northern 
species, might be thought to imply greater cold during the for- 
mation of the Forest-bed than is now felt in Norfolk; but the 
great climatic range of many living carnivora, which seems limited 
more by want of food, competition, or human agency than by 
temperature, renders the occurrence of a single species now 
confined to northern latitudes of very little value in evidence, 
when counterbalanced by the numerous ungulata. 

The large number of mammals already known from the Forest- 
bed, seems clearly to point to a connection with the continent; for 
no island could support so large a fauna, including as it does 
about 15 species of deer, three of elephant, and numerous other 
large forms. A study of the lists of fossils shows clearly that 
we may expect not merely a fauna and flora equal to that now 
living in this country, but one as varied in character as that of 
central Europe, with the addition of numerous Lirge mammals 
which have since been exterminated by the cold of the Glacial 
Period or by human agency. 

It is instructive to compare the entire fauna and flora of the 
Forest-bed with the recent fauna and flora of Britain, classed 
according to the conditions under which the species live. For 
this mode of anidysis brings out the fact that while of the Forest- 
bed aquatic and marsh-loving forms we have a fair knowledge, 
of the others, except the land mammals of the plains, at present 
very little is known. For this purpose the following table, w^hich 
includes only the more important classes, has been drawn up. 

'*' Proc. Geol. Assoc., vol. ii., pp. 185, 270, 1872. 
t Quart Jonrn. Gkol. Soc., vol. xxxvi., p. 395, 1880. 
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52 
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210 
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77 
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48 


43 


465 
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PLIOCENE. — FAUNA AND FLORA. f)l 

In the firet column the approximate number of existing British 
forms, with the addition of a few mammals exterminated within 
the historic period, is shown; in the second is given the total 
number of species known from the Forest-bed and Wey bourn Cr.ag. 

Britiish. Forc8t-be(l. 

Bats - - - - 

Land mammals - - - 

Amphibious mammals (fresh-water) 

Marine mammals - - - 

Birds - - - - 

Reptiles - . - . 

Amphibia - - 

Fresh-water fish - - - 

Marine fish - - - . 

Land shells - - - 

Fresh-water shells - - - 

Marine shells - - 

The land shells of the Forest-bed arc exclusively forms found on 
alluvium or in wet moss ; there is not a single representative of 
the numerous species confined to calcareous soils. No fresh-water 
shell needing swiftly running water has yet been found. 

Both the fauna and flora, leaving out the large mammals and 
other extinct forms, are curiously like that of the " Broad District " 
of Norfolk at the present day ; and this, like the rest of the 
evidence, points to a wide alluvial plain with lakes and sluggish 
streams^ bounded on the west by a slightly higher sandy country 
covered with fir-forests and distant from any hills. A careful 
examination of the de[)03it8 now forming, and of the natural history 
of the neighbouring country, will, more than anything else, assist 
in the study of these Newer Pliocene Beds ; for, notwithstanding 
the great changes which have taken })lace since the Forest-bed 
was formed, conditions almost exactly similar to those which 
held at the time of the Upper Fresh-water Bed, rcai»pcar at the 
present day in the Broad District. 

Geologists often speak of the Forest-bed fauna as prac- 
ticsiUy worked out ; but from the large number of species added 
to the lists in the course of the Geological Survey, and from 
the numerous forms only known from single specimens, it is 
evident that even of the land mammals, though so many species 
are known, probably only about a third of the total fauna is 
represented. For many years the large mammals have been 
collected, but until lately little has been done with the smaller 
vertebrata ; about 30 species are known only in the collections 
of the Museum of Practical Geology, and of Mr. A. C. Savin, of 
Cromer. In the invertebrata the lists have been more than 
doubled ; but no exhaustive collecting was attempted, for in most 
cases only a few pounds' weight of material was taken from each 
bed, sifted, and the fossils examined, so as to give a general idea 
of the conditions under which the bed was formed, and of its 
fauna. The only class which approaches completeness is the fresh- 
water moUusca, of which we may have about two thirds of the 
species then living in Britain. 
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CHAPTER IX.— PLEISTOCENE. 
Glacial Drift. 

Introductory, 

Nearly the whole of the surface-area of the district described 
in this Memoir is taken up by Boulder CJays and the associated 
Grravels, and it is only in the cliff sections, and in a few of the 
valleys, that the Chalk or the Pliocene Beds can be seen. The 
Glacial Deposits on the coast have of late years been generally 
known as the ** Cromer Till " and the " Contorted Drift," with 
overJying " Middle Glacial " sands and gravels ; but there is much 
uncertainty in the use of these terms, and still greater uncertainty 
as to the mode of formation of the contortions, and the correlation 
of the Boulder Clays with similar beds in other districts. 

The following is the succession of the glacial beds now to be 
described : — 

Boulder Gravels and Sands. 

Sands and Loams (" Middle Glacial ** ?) 

Contorted Drift. 

Sands. 

Second Till. 1 

Intermediate Beds. > Cromer Till. 

First TiU. . J 

Arctic Fresh-water Bed. 

Literature. 

The first description of the contorted beds near Cromer was mven in 1824 
by R. C. Taylor,* and in 1827 he published three papers " On the Geology of 
East Norfolk,". &c.,t with a section of the cliffs. Samuel Woodward in 1833, 
in his Geology of Norfolk, also gave a long description and sections of the 
clifPs ; but, as far as can be made out, the divisions shown are purely lithological, 
and not intended to represent a definite succession. The next account was 
contained in the first edition of Lyell's " Principles of Geology," published in 
the same year, and in 1840 he gave a still fuller one.i^ No description, perhaps, 
has equalled this for the clearness and accuracy with which the facts are 
noted. The various subsequent editions of Lyell's works all contain essentially 
the same account. By Lyell the transportation of the materials in this 
district was first referred to the agency of floating ice, and by him the beds 
were separated into unstratified till, and contorted beds, though these were 
considered to alternate and to have been formed contemporaneously. In 1845 § 

* '* Remarks on the Position of the Upper Marine Formation in the Cliff's on the 
North-eust Coast of Norfolk.*' Phil. Mag., vol. Ixiii., P- 91- 

t lhid,y ser. 2, vol. i., pp. 277, 327, 346, 426. [Also reprinted together, with addi- 
tions/] 

} ihid,^ ser. 3, vol. xW., p. 345. 

§ '* On the Cliffs of Northern Drift on the Coast of Norfolk." Quart. Jounu 
Geol. Soc, vol. i., p. 218. 

iill95. r • ^ 
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and 1851 * Trimroer described the Cromer cliffs, suggesting that the contortions 
had been formed by the melting of included masses of ice. He divided the 
Drift on the coast into ** Upper" and " Lower Erratics," — the Lower being the 
Boulder Clay, and the Upper the Gravel which generally covers the higher 
lands. In 1§64 Mr. Gunn, in his " Sketch of the 'Geology of Norfolk," divided 
the Drift near Cromer into Lower Boulder^Clay or Till, Stratified Clays, with 
Sands and Gravel, and Upper Boulder-clay. In 1868 the Rev. O. Fisher 
described the contortions in a paper on ths " Denudations of Norfolk."t In 
the same year Messrs. S. V. Wood, jin., and F. W. Harmer published an 
abstract of a paper in which the Weyboum Sand is made to pass by alternation 
into the Cromer Till.}; The succession given is : — 

Sands and Gravels (Middle Glacial). 

'Contorted Drift. 

Sand on an eroded surface of Cromer Till. 
Lower Glacial -< Cromer Till. 

J Weyboum Sand, passing, by inter bedding, into the 

( Cromer Till. 
•' Forest-bed." 

Messrs. Wood and Harmer in 1872 gave a fuller account of these beds in 
the Supplement to the Crag MoUusca, publishing with it a map of the district 
and a series of cliff sections.§ In .1877 they brought forward the theory that 
extensive valley erosion had taken place after the formation of the Contorted 
Drift, and previous to the deposition of the Middle Glacial Sands and the 
Chalky Boulder Clay. 1 1 In the same year Mr. Belt published a paper in which 
(apparentlv) he considers the " Contorted Drift " to be older than the first 
Boulder Clay, and to be a later stage of the Pre-glacial laminated loams.lT In 
a paper on the Newer Pliocene Beds near Cromer I showed that, as Lyell 
originally pointed out, the Weyboum Crag comes belcw, and not above, the 
"VoTeBUbed," and that the Till is quite unconnected with these deposits ;** and 
in another paper, in 1880, on the " Glacial Deposits of Cromer," I divided the 
Drifts as in this Memoir, and attempted to account for the contortions by the 
agency of land-ice. ft 

In this summary only the leading papers and those brining forward new 
views are alluded to, but a full list of the literature of the subject will be found 
in the Memoir on the country around Norwich, those marked (f) referring to 
Cromer and the neighbourhood. 

The classification adopted in this Memoir for the Pleistocene Deposits has 
alreadv been given, but it has been found impossible to correlate the beds 
described by previous ^Titers with those adoptea by others or with l^e horizons 
traced by tne Survey. Most observers apparently describe as *' Cromer Till " 
the blue base of the Drift, whether it is the true unstratified Till of Happis- 
burgh or merely the un weathered lower part of the Contorted Drhft. In many 
papers the Pre-glacial blue clays have also been confused with the "Hll. 

* ** Generalizations respecting the Erratic Tertiaries *' iWrf., vol. vii., pp. 

19-31. 
t Gkol. Mag., vol. ▼., p. 544. 
t Ibid., vol. v., p. 452. 

5FaIaeontographical Society, vol. xxv. (issued for 1871). 
Quart Joum. Geol. Soc, vol. xxxiii., p. 74. 
^ GeoL Mag., Dec. II., vol. iv., p. 156. 
♦♦ Ibid., p. 300. 
ft Ibid., Dec. II., vol. vii., p. 55. 
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CHAPTER X.— ARCTIC FRESH-WATER BED. 

During a visit to England in the year 1872, Mr. Alfred 
Nathorst; of the Geological Survey of Sweden, discovered, 
immediately under the Till at Mundesley> a bed of clay and loam 
containing Hypnum iurgescens and leaves of Salix polaris.* No 
further account of this bed appears to have been published till 
1880, when, in a short paper in the Geological Magazinef^ I showed 
that it is separated from the " Forest-bea " by the marine Leda- 
mvalis Bed, and placed it, on account of the very arctic character 
of the climate it showed, at the base of the Pleistocene Deposits 
under the name ** Arctic Fresh-water Bed." 

During the progress of the Geological Survey, the Arctic 
Fresh-water Bed has been discovered at two new localities about 
14 miles apart,^ — at Beeston, and at Ostend, near Bacton. From 
the character of the deposit, and from the way it appears to be 
cut out by the Boulder Clay, there is very little doubt that the 
three exposures known only represent isolated patches of a once 
continuous and important horizon. 

Details, 

No sections of the bed have been seen near Weybourn, but at Lower Sher- 
ringham^ on each side of the vilh^^e, directly under the Boulder Clay^ there are 
sands and tlun loams with Succmea and occasional Pisidia, which probably 
represent this bed. 

At Beeston there is the section shown in the folding plate. Here, for a 
considerable distance, in fact till the Boulder Clay cuts through the beds to 
near the beach line, sands and loams with occasional fresh-wat^ shells occur 
about 10 or 15 feet above high- water mark, immediately under the Boulder 
Clay. At one point, midway between Beeston Hill and the small stream, 
there is a lenticular mass of laminated peaty loam, which has yielded well- 
preserved plant remains, including moss and numerous leaves of SalixpoJaris, 
No other locality for the arctic plants is at present known west of Cromer. 
Several of the loams at Beeston and Sherringham have a rather weathered 
appearance, and seeip to have been penetrated by small roots ; this is in 
keeping with the amphibious chturacter of the mollusca, which remind one 
much of those of the loess of the Rhine, the land forms being only such as 
ordinarily live on Alluvium, and can survive submergence for a limited time, 
while the firesh-water species can live in damp mud. The species found were 
Succinea putris, 5. oblonga. Helix hitpidal Valvata piscinalis, and Pisidium 
Henslowianum, 

Though it is probable that further search may lead to the discovery of 
localities for the Arctic Fresh-water Bed near Cromer, at present there is an 
i ntcTval of about 10 miles to the next exposure. A short distance north-west 
of Mundesley there is the original section discovered by Mr. Nathorst. The 
details of the section vary continuaUy, but at one of the most fossiliferous spots, 
immediately under the rain-water spout between the Coast Guard Station and 
the road to the Manor House, there is : — 

♦ See Lyell, "Antiquity of Man," 1S78, pp. 261, 262 j and Journal of Botany, 
N.S., Tol. ii., p. 225. 

f Geol. Mag., Dec. II., toI. vii., p. 54S. 

F 2 
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Feet, 
o A Til / Chalky Boulder Clay. 

{Stiff blue clay with moss, Hippuris vulgaris, Salix 
polaris, elytra of beetles, Succinea putris, S. 
oblonga, 2i,nd hones of Spermophilus - - IJ 

Sand and blue loam, contorted together : fresh- 
water shells 

The Spermophilus, at present the only vertebrate known from this horizon, 
was found a few inches under the Boulder Clay in digging out a lump of the 
fresh-water clay to wash for plant-remains.* The specimen was much crushed ; in 
fact, though it was probably nearly a whole skeleton, the onljr recognizable parts 
were a few teeth, tail-vertebras, and foot-bones ; and the thm seam of sand in 
which it occurred was flattened to about an eighth of an inch. B^ diring and 
washing the clay through a sieve the leaves can be obtidned uninjured, and so 
well preserved that the twigs of Salix polaris retain their onginid glossy 
chocolate-brown color. The leaves and moss may be dried in ordinary botanical 
paper. 

Unfortunately the continuation of this deposit, both eastward and westward, 
is much obscured by talus, and where plants are absent the shells alone are 
not sufficient to show whether the bed belongs to the Arctic Fresh-water Bed 
or to the upper nart of the " Forest-bed." 

About 80 yards north-west of the Gap near Ostend Brick-kiln, Bacton, when 
the beach is very low, and the base of the Boulder Clay can be examined, the 
Arctic Fresh-water Bed is again seen. The section is : — 

Feet. 
Soil - - - - - - - • 3 

f Bedded marl, much piped • - - 2 

1st Till -"I Laminated sand and loam - - . . 3 

I Hard Boulder Qay with little Chalk - - 5 

AK»t* Fresh f ^^^ bedded blue loam, sand, and gravel : Arctic 
ter Bed " 1 P^***'* *^ *^® loam, Salix polaris, Betula nana, 

L «c. - - - - • 2 + 

This bed was only once seen. After a severe gale the beach was excep- 
tionally low, and a good exposure of the loam was laid bare at the foot of the 
cliff. From this several species of plants were obtained, but a few days later it 
was entirely hidden, and has not smce been uncovered. The base of the Till 
is very low at Ostend, and the beach exceptionally high, so that the beds im- 
mediately under the Boulder Clay are, as a rule, entirely hidden, and there is 
also a considerable thickness of beds always obscured by the slope of the beach. 
The connection of the Arctic Fresh-water Bed with the Upper Fresh-water 
Bed seen near low-water mark, has not yet been made out, and it is doubtful 
whether the Leda-myalis Bed is represented. For about 300 yards N.W. of 
the Gap, fresh- water beds have been seen here and there at the base of the cliff ; 
but further observations are needed before they can be definitely referred to 
this horizon ; they may belong to the ** Forest-bed." 

Though the term *' Fresh-water Bed" has been used, the 
deposit may perhaps be more accurately described as a flood-loam 
or sand, for the greater part of it does not appear to have been 
permanently under water, the most abundant shells being 
Succinea, and not fresh-water species. No sections of the Arctic 
Fresh-water Bed are yet known except the three already 
described. 

The similarity of lithological character in all the beds 
beneath the Boulder Clay has necessit^ited the inclusion of the 
Arctic Fresh-water Bed in the Pre-glacial Series in the separate 
Sheet of cliff sectionsf ; but in this Memoir it has been placed at 

• Vide Geol. Ma^., Dec. II., vol. iv., p. 51, 1SS8. 
t Horizontal Section, Sheet 127. 



ARCTIC FRESH-WATER BED. 85 

the base of the Pleistocene Beds, because the change from the 
climate of the ** Forest-bed," shown by the plants, is so great that it 
seems a misnomer to speak of the bed as '• Pre-glacial." Trees 
have entirely disappeared, and the plants include the dwarf arctic 
birch smd arctic willow. The fauna and flora show the first incoming 
of arctic land species*, and. indicate a lowering of the temperature 
by about 20 degrees, — a difference as great a:^ that between the 
South of England and the North Cape at the present day, and 
sufficient to allow the seas to be blocked with ice during the 
winter, and glaciers to form in the hilly districts. 

It appears to be commonly felt that Lyell's classification, in 
which the Pliocene division extends into the middle of the Glacial 
clepoi»its, is very inconvenient ; and in talking with geologists one 
finds that most of them insensibly speak of Pleistocene as equivalent 
to the whole of the Glacial and Palaeolithic periods. Others sepa- 
rate the •* Forest-bed " from the Crag, and class it with the Pleisto- 
cene, but it certainly is much more naturally connected with the 
older deposits. 

For these reasons the classification adopted in this Memoir 
appears to be the simplest ; though it necessitates a slight 
alteration in Lyell's test, founded on the per-centage of extinct 
moUusca. 

* The Glutton is the only arctic laud species yet known from the Forest-bed 
{see ante^ p. 60)., 
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CHAPTER XI.— CROMER TILL. 

Introductory, 

From the manner in which beds of different ages have been 
contorted together in the neighbourhood of Cromer, it is im- 

Sissible to make out any succession whatever in the Glacial 
eposits, from the study of the cliffs n?ar, or on the west of that 
town ; it will, therefore, be necessary to reverse the order adopted 
in treating of the Pliocene Bed'i, and to commence the description 
at Happisburgh. In that neighbourhood there is a singularly 
regular and definite succession in the Drifts, and each bed can 
..be traced for several miles to the north-west till it is either over- 
lapped or lost among the contortions. 

Near Happisburgh the Till consisti of* three members, — an 
upper and a lower unstratified Boulder Clay, and an intervening 
bed of well-laminated loam or marl. As there is not the slightest 
change in the lithological character of the two Tills over the 
whole distance through which they have been traced, a single 
description of each will suffice. 

First Till 

Resting on a planed and nearly horizontal surface of any of 
the older deposits, there is a perfectly unstratified hard and very 
tough Boulder Clay. This ** First Till" consists of a mixture 
of about equal parts of shelly sand and clay, with the addition of 
numerous striated pieces of hard Chalk, Oolites, and a smaller 
-quantity of various Palaeozoic rocks, granite, and trap of different 
kinds. Boulders over a foot in diameter are very scarce. The 
shells, though abundant, are certainly derivative ; for, as a rule, 
they are sharply fractured, sometimes striates), and in the interior 
of one or two the remains of a quite different matrix from that 
in which thev are imbedded has been found. The common species 
are all now living in Norfolk ; and the large thick-shelled varieties 
that occur are such as need a sandy bottom, and would not live 
in the clay with which they are now mixed. The materials 
contained in the Till, arranged according to the probable age of 
the beds from which thev are derived, are as follows : — 

'Tellina BaUhica, thick variety (common). 

— — lata (1 valve). 

Mya armaria (common). 

truncata (1 valve). 

Cardium edule (common). 

Cyprina Islandica (common). 

Littorina Uttorea (1 fragment)), 
r Lignite - - "| 

Forest-bed - < Fragments of bone > (very rare). 

L Green-coated flints J 
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rSoft Chalk (not much). 

Upper Chalk J Belemmtella mucronata (common). 
*^*^ I Black unworn flints. 

I Porous flint, like that of Triroingham. 

Y rkahire P f ^®^^^®* *°^ boulders of hard Chalk bored by annelids 
J« ,1 i and subsequently striated. 

^*^^- I Grey flint. 

Red Chalk - Red marly Chalk. 

{Septaria bored and subsequently striated 
Fossiliferous shale. 
Belemnites. 
Lias - - Gryphta incurva. 

New Red P - Soft red sandstone. 

{Fossiliferous limestone. 
Chert. 
Sandstone. 

Old Red Sand- 1 , j ^ j sandstone, 
stone P J 

p r Gneiss, Basalt, Mica Schist, Grey Granite, pebbles of red 

\ Jasper, &c. &c. 

At Eccles the First Till occurs on the foreshore beneath recent alluvium, 
but a quarter of a mile south of the Lighthouse it is cut out or forced beneath 
the sea-levd by a disturbance in the Contorted Drift. North-west of the 
Lighthouse it reappears at the foot of the cliff, and as it is traced northward 
the base padually rises and allows the Pliocene Beds to be seen beneath 
it; the thickness at this point is about 10 feet. North of the Station House 
it increases in thickness, from 15 or 20 feet near Happisburgh, to a maximum 
development of 25 feet under the highest part of the clifP. Beyond this point 
it gradually thins out, seldom exceeding 10 feet near Ostend Gap. About 
2w yards south-east of Walcot Gap the valley has cut through the Drifts, 
and exposes Pliocene Beds at the surface. Half a mile further the Till 
reappears in the cliff ; but though it has not suffered from recent denudation 
its greatest thickness near the Coast Guard Station is only 10 feet ; and a 
short distance beyond, where the valley again cuts through the beds, it has 
thinned to about three feet. East of Bacton Green it reappears for a short 
distance with a thickness of from two to four feet, but is soon cut out by 
Valley Gravel, and when Boulder Clay is again seen the First Till has been 
entirdy overlapped, and the Second Hil rests directly on Pliocene Beds. 

Intermediate Beds. 

The Intermediate Beds consist of well-laminated rippIe-marked 
clays and marls with seams of fine false-bedded sand, deposited 
on the hummocky surface of the First Till. When the face of 
the cliff is clean, they contrast very markedly with the over- and 
under-lying unstratified Boulder Clays, being quite free from 
stones, and even more finely laminated than the Pre-glacial clays.* 

Between Eccles and Happisburgh these beds are nearly continuous, though 
in places the sands which here immediately overlie them cut through to the 
Firvt Till. About 180 yards north-west of Happisburgh Gap the Second 
'nU comes on, and the tnickness of the Intermediate Beds is from 15 to 20 
feet. At this point the relations of the various beds are well shown, though 
the top of the First Till is not so hummocky as usual. There are several 
slight unconformities in the laminated loams, pointing to contemporaneous 
erosion and filling up, and about the middle of the section there is also a 
small contortion overlaid by undisturbed beds. From this point ttie beds 
continue with the same character and average thickness till they are cut 



♦ On this account Mr. Gunn's term ** Laminated Beds ** applied to'thc Prc-glaciul 
deposits, is liabk to misk^ad the student. 
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through by the valley a short distance north-west of Ostend. This is the 
only place where they come to the surface inland, and being the only gi>od 
brick-earth free from stones to be had in the district, ther are a good deal 
worked. Near Bacton Coast Guard Station they reappear with a thickness of 
onlv four or five feet, but being near the aurhce, tbey are so much weathered 
antl disturbed by vegetation that the structure is generaUy obliterated. For 
nearly a mile no Glacial Beds nener tbsn the First I'ill ure seen, and at the 
north-west side of the old valley the Second Till, as alresdy mentioDed, resta 
directly on Pre-glacisl Deposits, having overlapped both the First 'nil and the 
Intermediate Beds. Beyond this point no sections are known, though in the 
deacrijitioQ of the Contorted Drift (Chapter XII.) one or two localities will 
be noticed where these beds perhaps reappear for a short distance. 

Tliough the Intcrmediaie Beds have been caiefuliy (eiuclicd, 
tliey liave ns yet yielded no trace of foEsils, except that here and 
llierc at tlic base they contain shell fragments derncd from the 
underlying Boulder Clay. If the bed wore a marine dejioBit it 
would most probably contain foramiDifcra and entomostraca, even 
if niolluEca were not found, for the material is quite suitable for 
their preservation. The occurrence of derivative fragments of 
alicll iihowe that the apparent abi-encc of a contemporaneous fauna 
is not due to the dienolution of the fossila by percolating water. 
The absence of all sign of life appears to point to a fresh-water 
origin for llicsc beds, and for tlic similar unfoeei life roue laminated 
clny^ which are i^o common in glacial deposits in other parts of 
England. Modern Glacier-lakes commonly show a similar barren 
chai'iicter. The relation of the Intermediate Beds to the under- 
lying Till IS very peculiar; for the junction, tliougli so irregular, 
doCM not generally appear lo he an eroded line, and atones, 
derived from the Boulder Clay arc very rare. 

Second Till. 
Aliovc the Intermediate Beds thero is a, sLcmid nia«s of un- 
slriiliricd Boulder Clay, clearly dii-tinguishable from Ihc First Till 
by the abundance ol soft Upper Chalk that it conlaini<. This 
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Second Till " is so like the Great Chalky Boulder Clay, that 
near Happisbargh, where it caps the cliff, it has been mistaken for 
that deposit ; and it is quite possible that some of the Boulder 
Clays further south, commonly referred to the Chalky Boulder 
Clay, belong in reality to the Second Till. Though the Second 
Till seems so different from the First, closer examination shows 
that this difference is more apparent than real, consisting only 
in a change in the relative proportion of the ingredients. The 
first Till was described as a mixture of about equal parts of 
shelly sand and clay ; the Second Till is nearly half soft Chalk 
and half clay, with a little shelly sand, the other materials being 
the same as in the older deposit. Arranged as before, they are : — 

" Tellina Balthica. 
? \ Cardium edule. 

Cyprina Islandica. 
Sphnter of wood. 
Green-coated flint. 
Flint, quartz, and quartzite pebbles. 
rMuch soft Chalk. 
TT ru 11, J Unworn black flints, 
upper ^naiK -^ Belemnitella mucronata. 

[,Inoceramu8. 
Lower Chalk - Soft grey Chalk. 

r Hard Chalk, always striated and often bored (about as 
Yorkshire Chalk >< much as in the First Till). 

L Grey flints. 

KimeridgeClardXStes. 

I . ^ r Earthy limestone and mud stones. 

^^*^ ' I Qryphaa incurva. 

Trias - - Quartzite and other pebbles. 

^ , .£ ^ r Coal Measure sandstone. 

Carboniferous - 1 Carboniferous Limestone. 

.2:^ Ssii:si;.}H-i«<i »-<>«♦"- 

rChert. 
P J Purple Basalt ? 

Gneiss. 
.Bed Granite. 

Between Eccles and Happisburgh the Second Till is missing, and the first 
section seen is 180 yards north-west of Happisburgh Gap (see Fig. 8). Here 
it rests, with a sharply defined but slightly undulating junction, on the Inter- 
mediate Beds, just as the First Till rests on the Pre-glacial laminated clays. 
From this point it is continuous to near Ostend, though its average thickness 
is only about 7 feet, and its greatest never exceeds 10 feet. From Ostend to 
Bacton Coast Guard Station the cli£f is very low, and the Second Till is not 
seen ; but at the latter place it comes on for a short distance in the highest 
part of the cliff, much weathered, and with a thickness of only a foot or two. 
rhe cliffs then become lower ; and the next section i;3 near Paston, a mile from 
the Coast Guard Station, on the north-west side of the old valley. Here, as 
already mentioned, the Second Till has overlapped the Intermediate Beds and 
the Furst Till, and rests directly on Pre-glacial Beds. From this point to 
MundeSley the bed is continuous, though it seldom exceeds 10 feet ; north- 
west of Mundesley it is rather thicker, averaging about 13 feet for nearly a 
mile. At this pomt the Trimingham disturbance commences, and the TOl 
is contorted into the newer beds. Over the more easterly of the Chalk bluffs 
there is a patch, probably a boulder, of this Till ; but beyond this it has not 
been tracea, or, if it occurs, the disturbance is so great that the different 
Boulder Clays cannot be separated. The total distance over which this horizon 
has been followed is about seven miles. 
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Origi7i of the Till 

From the thoroughly unstratified character of the Till it cannot 
be a sedimentarjr deposit, for a fall of even a few inches through 
water would be sufficient to arrange the materials. Nevertheless, 
though the Till is quite unstratified, it here and there shows 
obscure horizontal streaks, which at first sight might be taken 
for lines of bedding, but wliich on closer examination appear to 
be formed of crushed lumps oP different materials, in some cases 
Chalk, in others clay, or sand, while in a few instances they are 
formed of crushed boulders of sandstone or rotten granite. This 
structure is still better seen in the Boulder Clays of Holdemess, 
where boulders are more abundant, and the crushing and flatten- 
ing out, even of such hard rocks as Carboniferous Limestone and 
Coal-Measure Sandstone, is of common occurrence. In th^t district 
shells also are found crushed, and the pieces scattered over an 
area of several inches. The bedding in the Till is therefore such 
as would be caused by the sliding pressure of an ice-sheet, and 
may be exactly imitated in dough or putty mixed with lumps of 
ochre ; a similar streaky structure is often seen in badly made cake. 

One of the principal difficulties to be overcome before the 
sub-glacial origin of the Boulder Clays in the East of England 
can be accepted, is the very miscellaneous character of the boulders 
contained in them, — a collection such as no ice-sheet would be 
likely to pick up unless it followed a very zigzag course. But 
when the boulders are examined more closely they show that 
their transportation has been a very complicated process ; for the 
limestones, including hard Yorkshire Chalk, Carboniferous Lime- 
stone, and Septaria from the Kimeridge Clay, have often been 
bored by annelids and subsequently striated. This apparently 
points to the agency of floating ice, probably only coast ice, which 
would bring stones from all parts' and scatter them on the sea- 
bottom, where they would be bored by the annelids, and be subse- 
quently ploughed up and striated by the advance of the ice-sheet 
into the shaUow water. Though the First Till is the earliest 
known bed which has been to any great extent accumulated by 
ice, the period immediately previous, when the arctic birch and 
willow flourished in Norfo& near the sea-level, must have been 
quite cold enough for the formation of coast-ice capable of bringing 
abundance of stones from Scotland and Scandinavia. 

When we attempt to discover the direction of the ice-flow, the 
absence of hard rocks under the Till precludes any hope of finding 
striae. But another test is available; for where the ice has flowed 
over laminated clays, the beds have been slightly crumpleJ. 
Unfortunately, at present, owing to the tendency of the clays to 
slip, no satidfUctory exposure showing the direction of the folds 
has been obtained. The one mentioned in my paper on the Glacial 
Deposits of Cromer,* turned out afterwards to be too near a 
contortion of subsequent date to be tmstworthy. 



* Geol. Mug., Dec. 11, vol. vii., p. 57. 
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After the deposition of the First Til), the ice appears to have 
retreated^ perhaps only for a few miles^ leaving the Boulder Clay 
with a curious hummocky surface, over which was deposited ripple- 
marked clay and marl m thin beds. This deposit seems to be 
glacier-mud^ such as would fiow from beneath the ice, and be 
spread over the surface lately abandoned. Such an evenly-bedded 
loam cannot be taken as sufficient evidence of an inter-glacial 
warm climate, though it is traceable nearly continuously for at 
least four miles ; for at the present day the glaciers of the Alps 
and the ice of Greenland advance and retreat short distances 
without any very marked cause. The Second Till only differs 
from the First in the shelly sand being replaced by Chalky — a 
change which may be accounted for on the supposition that the 
first advance of the ice ploughed out most of the sand-banks^ 
leaving the second only bare Chalk to grind up. 
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CHAPTER XII.— CONTORTED UHIFT AND 
ASSOCIATED DEPOSITS. 

Order of Succession. 

Though near Mundesley there is a distinet succession in tha 
beds above the Till, in most places the subsequent disturbances 
have been so great as to affect the whole series of deposits. The 
order, where least disturbed, appears to be : — 

Unfossiliferous Boulder Gravels and Sands. 
Sands and loams with Nassa reticosa, &c. 
Boulder Clay. 
Fine sands. 
Till. 

While this seems to have been the original succession every- 
where in the cliffs, the beds are now often contorted together, and 
in some places inverted. It will be best, therefore, to give a 
general outline of the character and extent of each horizon ; and 
then tlie contorted beds, taken together, will be described in 
detail, commencing at Happisburgh. To obtain a clear under- 
standing of the nature of the disturbances, reference to the separate 
Sheet of cliff-sections is, however, absolutely necessary ; for it is 
impossible in words to give a correct idea of the complicated 
foldings. (See Horizontal Section, Sheet 127.) 

4 

Sands, 

Resting on an eroded surface of the Second Till, or, in one or 
two places, directly on Pliocene beds, there are fine false- bedded 
loamy sands, always chalky and carbonaceous, and of a peculiar 
pale tint, easily recognizable. These beds can be traced from 
Happisburgh to Trimingham, a distance of nearly nine miles, but 
at the latter place they are lost in the contortions in the same 
manner as the Till. At Mundesley the sands have a thickness of 
about 40 feet, and form a conspicuous feature in the cliff, but they 
have nowhere yielded fossils. It has not been thought necessary 
to give a name to this unfossiliferous horizon. 

Boulder Clay or Stout/ Loam. 

The next division is the bed to which the term " Contorted 
Drift " more properly applies. This Boulder Clay rests on an 
eroded surface of any of the older beds, and often ploughs deeply 
into them. Though in general composition much like the under- 
lying Till, it has a peculiar structure, such as might have resulted 
if the materials had been deposited in heaps, and afterwards 
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flattened out into lenticalar masses. No clear evidence of a 
sedimentary origin has, however, yet been seen : for the included 
masses of sand, where bedded, have often the lines of bedding 
vertical. The fossils, as in the Till, are only fragments of marine 
shells ; and the included nests of sand, often full of the same 
sj>ecies, probably represent the deposit from which the ehells were 
derived. This Boulder Clay is traceable as a tolerably regular bed 
about 30 feet thick, between two masses of bedded sand and gravel, 
from the cliff-end near Happisburgh to Trimingham. North-west 
of Trimingham, though continuous to Weybonrn, it is inseparable 
from the other beds, and will be described in the general account 
of the coast section. 

Sands and Loams. 

Above this Boulder Clay there are apparently two masses of 
sand and gravel of different ages ; the lower fossiliferous and pro- 
bably equivalent to the " Middle Glacial " Sands of Yarmouth ; the 
other unfossiliferous, and generally much coarter, capping the hills, 
perhaps forming a continuation of the ** Cannon-shot Gravels " of 
Norwich. These deposits, where contorteil, are inseparable, and 
all that can be done u to point out the general character and 
distribution of eacli. 

Between Mundesley and Sidestrand the " Middle Glacial '' may 
be represented by bedded sands and marls which overlie the 
Boulder Clay, and are often cut out by the coarser gravel. 
These appear to be distinctly marine, though, except shell frag- 
ments (which may be derivative), the only fossil there obtained was 
a perfect valve ot* Balanus, West of Cromer, though the strati- 
graphical relations cannot be made out, several contorted masses 
of this sand are visible, and it is principally from the character of 
the fossils found in them that this horizon has been correlated 
with the interglacijil sands of Yarmouth. The shells include 
among others, the extinct Crag forms Nucuhi CobboldicB and Nassa 
reticosa. 

Tbere has been mncli discussion as to the contemporaneous or 
derivative origin ot* the " Middle Glacial '* fauna, and it is in- 
teresting to trace in a new district the same peculiarities in the 
fossils which led Mr. S. V. Wood to consider the fauna to be 
contemporaneous with the deposit.* It is not improbable that a 
large proportion of the fragments of the common shells may be 
derivative ; but near Cromer, as at Yarmouth, the peculiar and 
characteristic types are the most perfect. Though the commonest 
forms are Tcllina Balthica^ Cardium edule, Cyprina Islandicoy 
and Myra arcnaria^ of the last three nothing but small frag- 
ments were seen, and of Tcllina Balthica only a few nearly perfect 
valves ; but the single specimens of Nassa reticosa, Anomiay and 
Dentalium were nearly perfect, as were two or three of Scalaria 
GrcBnlandica and Natica GrcBnlandica ? The reappearance of 

* Rep. Brit. Assoc, for 1S70, Trans, of Sections, p. 90 ; ** Supplement to the Crag 
Monosca," p. udi. ; and Qnart. Joom. Geol. Soc., yoL xxxri., p. 484. 
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Crag forms may be explained by the submergence of the hind to a 
greater extent than had occorr^ since the time of the Coralline 
Crag, thus re-opening the connection with the southern seas, and 
allowing species long exterminated in this area to agaio migrate 
into it.* 

Boulder Gravels and Sand*. 

These Gravels^ ca|>ping most of the hills near Cromer, form the 
heathy table-land which adds so greatly to the beauty of the 
district. To this division Trimmer gave the name " Upper 
Erratics ;" his '^ Lower Erratics '^ including all the underlying 
Boulder Clays, which he correlated with the Great Chalky 
Boulder Clay of Suifolk.f Messrs. Wood and Harmer identify these 
Gravels and Sands with the '^ Middle Glacial Sands " of Yarmouth, 
and consider that they fill old valleys excavated in the Contorted 
DnttX But an examination of the clifis or of the published 
section will at once dispel this idea, for it is seen that the basin- 
shiq)ed hollows in which the Gravels lie are in every case the 
result of contortion, and not of erosion.§ 

These Gravels, like the similar deposits near Norwich, are 
characterized by the large well-worn flints which they contain ; 
and, as far as can be judged by the mapping and inland sections, 
the two deposits are continuous. The relation to the Contorted 
Drift is peculiar, and will be again referred to. There is a more or 
leas eroued line at the junction,'and the Gravels often do not seem 
so much disturbed as the underlying beds ; yet all the large con- 
tortions clearly affect both deposits, and in no instance has a 
contortion been found cut off above by the Gravel. The general 
structure perhaps indicates that the formation of the contortions 
and the deposition of the Gravels were proceeding simultaneously. 
No fossils whatever have yet been seen in this bed, except a few 
derivative fragments from the Boulder Clay, and a broken molar 
of Elephant. 

Description of the Cliff Section, 

Happiiburffh, — At the cliff end near Happisburgh the stony Boulder Clay of 
the dontorted Drift rests directly on the intermediate Beds, but a few yards 
north, near the Cart Gap, the fine sands appear between. A auarter of a mile 
fiurther, the first large contortion appears, forcinff the whole of the lower beds 
beneath the beach nne, and allowing a mass of sand to occupy the whole of 
the cliiff for about 400 yards. The manner in which some of the beds have 
been nipped out by the contortion is not easy to account for. Near the Low 
Lighthouse the section, taking the thickness of the beds at the points where 
they successively rise above the beach, is :— 

Feet. 

Soil 2 

fFalse-bedded sand with thin seams oF 
J gravel, and a line of unworn flints, 

Boulder Gravel -< markingthehorizonof a dissolved bed > 30 

j of re-constructed chalk shown further 
(^ south in the middle of the sand 



* See also p. 58. 

t Quart. Joum. Geol. Soc., vol. vii., pp. 19-31. 

X Ibid., voL xxxiii., p. 74. 

§ See Geol. Mag., Dec. II, vol. vii., p. 59. 
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Feet. 
^Sand and stony loam, irregularly mixed - 8 

Contorted Drift J Shelly Boulder Clay - - ,-6 

Blue loam with seams of sand, much \ - 

L contorted - - - -j ' 

Sands - - False-bedded fine loamy sand - - 20 

Intermediate Beds - Bedded blue loam - - - 3 

First TiU - - Hard stony Boulder Clay - - lO-j- 

The total height of the clifiPs nowhere exceeds 45 feet, and it is probable that 
the lower beds are not continuous all the way under the Boulder Gravel ; 
though just north of the Lighthouse they can be seen in vertical succession, 
only a portion, however, of the highest and lowest beds being visible. 

The Sands continue, but a short distance to the north-west the Contorted 
Drift thins out and does not come on again till Hasbro' Gap is passed. 
The highest part of the clifiP north of Happisburgh shows well the erosion at 
the base of the Contorted Drift, but the irregularity is not usually so great. 

Paston. — As the height of the clifiP becomes less, the Stony Loam and the 
Sands successively thin out, and do not reappear for three miles, till Paston 
Cliff is reached. At thb place the Stony Loam has thickened to about 
40 feet, and a contortion brings in a mass of gravelly sand, as at Happisburgh. 
It is noticeable that here again there is a thin bed of reconstructea Chalk in 
the middle of the sand. Between Paston and Mundesley numerous' small 
contortions and included nests of gravel are seen in the Contorted Drift, but 
otherwise the beds call for no remark. 

Mundesley to Trimingham, — North-west of Mundesley the beds undulate a 
good deal, the disturbance gradually extending into the lower deposits, and 
becoming more violent, till at last, at Gimingham and Trimingham, it affects 
the solid Chalk. At Gimingham the Contorted Drift has cut through or 
" eaten up " all the beds between, and rests durectly on the Chalk, with which it 
can be seen to be mixed on the foreshore. The normal position of the Chalk 
would be below low-water mark ; but it has been thrown into a series of un- 
dulations, which have the effect of raising it above the sea-level| and allow it to 
be examined on the foreshore for nearly three-quarters of a mile. These 
undulations, which at very low tides ma^ be seen to form definite anticlinal and 
synclinal folds, have their axts parallel with the coast line, though minor flexures 
often obscure the structure when only a small exposure can be seen. The bending 
has been so violent as to squeeze up a ridge of Chalk ; of which, judging from 
the dips on the foreshore, the two Chalk bluffs seen in the cliff appear to be 
the last remnants. In all probability, about 200 years ago there was a con- 
tinuous cliff of disturbed Chalk, at least half a mUe long, though the greater 
part of this must have been denuded long before the first scientific account of 
the coast was written. Though no record can be found of a continuous Chalk 
cliff at Trimingham, the older writers on the geology of this coast all mention 
three pinnacles, whUe at the present day there are only two. The destroyed 
mass was a short distance south of the remaining ones ; and Lyell describes it 
as extending a few yards only into the cliff, so that before long it would 
be entirely destroyed. The two remaining bluffs also extend only a short 
distance, and are rapidly getting smaller ; in a few years the sea will have 
surrounded them, and probably m 50 years the last remnant of this interesting 
contortion will have entirely disappeared from the cliff, llie northern Chalk 
bluff was 106 yards in length when Lyell measured it, but is now less than 
40 yards, and the part where he saw Boulder Clay extending for 7 feet under 
the Chalk has been destroyed. This mass has been forced up till its surface is 
40 feet above high-water, and probably about 60 feet above its original level. 
It forma an inverted anticlinal bent inwards, or to the south-west, over the 
Boulder Clay, which can be seen behind and under it when the cliff is Aree f^m 
talus (see Fig. 13, p. 116). 

That this contortion is of Pleistocene date is proved by the similar dis- 
turbance of the overlying beds, and by the intrusion of tongues of Boulder Clay 
into the Chalk. Lyell was fully aware of this conformity, and gave illustni- 
tions of it ; he mentioned the mixture of Chalk and Boulder Clay on the 
foreshore, and considered that the contortion must clearly have been formed 
subsequently to the deposition of the Drift. Many later writers, however, have 
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adopted the view that these Chalk bluffs are the remains of pre-glacial isolated 
stacks or pinnacles, and in a recent paper Mr. A. J. Jukes-Browne supports 
this theory.* ^ 

The principal difficulty in the way of the acceptance of this view, is the 
great improbability that a small hill of Chalk coula exist all through the time 
of the aeposition of the beds from the Weyboum Crag to the Contorted 
Drift ; for this would necessitate its exposure at three distinct periods to the 
action of the atmosphere, rain, and frost, and at three other periods to marine 
denudation, its height causinjg it to be exposed during the whole of this time. 
The Boulder Clay under tha ^Ided Chalk, which Mr. Jukes-Browne considers 
to be evidence of undermining^ (apparently not having been able to see it on 
account of the talus), is certainly connected with the contortion, as is also the 
case with the alternations and intrusive tongues of Boulder Clay seen on the 
foreshore. The origin of the contortion will be discussed further on {see p. 1 15). 

The Rev. O. Fisher has described and figured some cavities in these Chalk 
bluffs, which, as they are only exposed through the removal of the Drift, he 
considers " must have been formed and filled in the interval between the forma- 
tion of the blufE and its envelopment in Boulder Clay." Mr. Jukes-Browne 
considers these to be old sea-caves ; and, taken in connection with the under- 
cutting, he thinks they prove old marine action on the Chalk clifif. 

For a long time these caves were a great difficulty ; and though, in reply to 
Mr. Fisher's question as to their origin, I suggested that those seen by me 
were formed by the sharp folding of the Chalk, which opened cracks, it was 
not until the winter of 1880-81 that a large one could be examined. f 

On the north side of the southern bluff of Chalk there was a small opening, 
which on clearing away the talus proved to be the entrance to a long but very 
narrow cave. This cave was about three feet high, and the width perhaps 
sufficient to have allowed me to creep into it as far as could be seen,'though, as 
it would have been impossible to turn, I only went a yard. At about 20 feet from 
the entrance, the cavity bent sharply to the left, and might continue some 
distance further. The deposits in this cave were merely a little sand and clay, 
only extending a foot or two from the entrance, washed in from the Boulder 
Clay ; beyond, there was nothing but fallen lumps of Chalk and unworn flints, 
mixed with oxide of manganese, which also filled all the minor cracks. 
Similar unworn flints projected from every part of the sides and roof, half 
exposed by the dissolution of the Chalk. 

Some of the smaller fissures and cav^s in both bluffs were filled with beds of 
sand and loam, mixed with oxide of naanganese, to near the roof, but none of 
them contained anything like the materials of the Pre-glacial beds seen only a 
few yards away. As the Rev. O.. Fisher has seen a better section of these 
stratified beds than any exposed of late years, his section will be quoted. 
The cave in which the deposits occurred was seen in the eastern face of the 
northern Chalk bluff, whicn, projecting beyond the general coast line, can be 
examined on three sides. The height of the cavity (of which a figure is given 
in the Geological Magazine, Dec. II., vol. vii., p. 149,) was 6 feet, and the 
width about 3 feet. The following is Mr. Fisher s section : — 

a. Sea sand with rolled and subangular pebbles - - 4 in. 

On this rest fragments of chalk and flint, and flints 
fallen from the roof. 

b. Laminated calcareous sand with specks of ciorbonaceous 

matter. The material is apparently derived from par- 
tially dissolved chalk - - - - 10 in. 
e. Black carbonaceous layer - - - - 2i in. 

d. Calcareous sand without carbonaceous matter - - 1 ft. 

e. Disintegrated chalk. 
/. Fine sand. 

g. Disintegrated chalk. 

Mr. Fisher informs me that the " carbonaceous layer " may be oxide of 
manganese, which is common in all the cavities now to be seen. 

* Ann. Nat. Hist., ser. v., vol. vi., p. 305. 

t Mr* H. B. Woodward has Doticed similar sandy pockets in the disturbed Chalk 
at Trowse. — " Memoir on the Geology of the Comitry around Norwich," p. 136. 

R1195. a 
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Tliese deposits are very like ordinary *' cave-earth ** formed from the disso- 
lution of the Chalky alternating near the mouth of the fissure with sand and 
gravel washed in from the Bou\^er Clay. The cavities were probably formed, 
like most caves, by the slow percolation of surface water, and their gradual 
formation has probably taken place without the Chalk being exposed at the 
surface. The sharp bending of the Chalk caused incipient fissures, which 
have been slowly enlarged during the wbole period between the formation of 
the contortions and the present day. This explanation seems to be supported 
by the number of unworn flints which the ca^dties contain, and also by the 
amount of water which, percolating through the Drifts, is given out by the 
gravel patches in the neighbourhood. 

Several authors mention Pre-glacial beds as occurring on the top of the 
Chalk bluffs ; but this, as already mentioned, is a mistake. The fossiliferous 
sands there seen are merely patches of the ordinary Glacial deposits, full of 
the usual far-transported Boulder Clay stones, and without any trace of the 
common characteristic Crag fossils. The contortion of the Chalk appears 
to have forced it into the overlying beds, and compelled the Boulder Clay 
to mould itself to all hollows and open fissures; it has even, in some 
places, caused the Drift to underlie in mass the inverted anticlinal of the 
solid Chalk.* What becomes of the " Forest-bed " near the Chalk blufPs is 
not easy to make out ; on the Sidestrand side of the northern blufip it can be 
traced to within 90 yards of the Chalk, quite undisturbed. The unseen 
90 yards have always been a good deal hidden by talus, at least of late 
years, but it is quite possible that the Chalk has actually been folded so as to 
overlie Pliocene Beds as well as Boulder Clay. Between the two bluffs there 
is also undisturbed Forest-bed at the base of the clifP, though the foreshore 
exactly opposite, and only 130 yards from the cliff-face, consists of sharply 
undulating Chalk, mixed here and there with Boulder Clay. The whole 
structure of the beds points to a long sharp fold with its axis parallel to the 
coast-line, and extending only a short distance into the present cliff ; thus, when 
the two bluffs have disappeared, there will probably before long be a continuous 
section of the Forest-bed in the new cliff some yards south-west of the 
present face. 

In the upper part of the cliff at Trimingham there are also some very lar^e 
contortions. One of these apparently causes the Boulder Gravel, as seen m 
the cliff face, to send an intrusive tongue for 270 yards into the Stony Loam. 
In reality the beds are curved and perhaps inverted, so that in the sloping 
cliffs the same bed appears twice. 

Fig. 10. 
Cliff section near Low Street, Trimingham {seen in a projecting point). 

Scale, 100 feet to an inch. 




Contorted Drift. 



Gravel and sand. 



Contorted Drift. 
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._ Forest-bed. 



* See also p. 116. 
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At several points the bed of reconstructed Chalk reappears in the middle of 
the gravel. Notwithstandinjjr its thinness; this bed is very important as mark- 
ing a definite horizon, and also as pointing to^conditions very different from 
those under which an ordinary marine gravel is deposited. It may be a 
Boulder Clay, though I have not observed that any of the included flints are 
striated. 

Between the Boulder Gravel and the Stony Loam there are, generally, 
bedded sands, loams, and marls, probably representing the Middle Glacial; 
but here they are unfossiliferous. 

The lime-kiln at Low Street, Trimingham, is situated on a small hill of 
fiint-shingle overlying a thick irregular mass of reconstructed chalk, which is 
dug for lime. The contortions in the underlying loam and bedded marl are 
unusually sharp and angular, reminding one of those often seen in gneiss. 
Though contortions are much more conspicuous in the clay beds than in the 
overlying gravel, it is clear that the disturbance affects both, but in the incom- 
pressible gravels it often takes the form of faulting instead of contortion. 
These faults in the Glacial Gravels were particularly well shown in the railway 
cuttings near Cromer. 

Notwithstanding all this contortion in the higher beds, affecting even their 
base, for more than a mile and a quarter the Pliocene deposits in the cliff 
opposite Trimingham village are quite undisturbed, the line of junction being 
sharply defined, and only rising and falling four or five feet in the whole 
distance. Nearly a mile north of Low Street there is, however, a sudden 
change ; for an exceptionally violent and complicated contortion cuts through 
the l^ds to beneath the beacn line, and occupies the foreshore for fully half a 
mile. This is one of the few places where tne nature of the underlying beds 
seems to have affected the composition of the Boulder Clay ; for here were 
obtained from the base of the Contorted Drift several fragments of Forest-bed 
wood and bone, green-coated flints, fragments of Tellina Balthica, Cardium 
edule, Cyprina IsJandica, Asiarte borealis, A, sulcata, and a nearly perfect 
specimen of Pleurotoma iurricula. The drifts, in spite of their contortion, 
snow a definite succession, though the beds are often nipped out ; where com- 
plete, the order appears to corresi)ond with that seen at Mundesley, patches of 
unstratified Boulder Clay very like the Till being preserved here and there at 
the base. 

It was found impossible always to separate these patches of Till, so both 
they and the stratified marls belonging to the Middle Glacial, have been 
coloured in the section as part of the Contorted Drift in the districts where 
the disturbance has so thoroughly mixed the beds. 

Notwithstanding this, it is probable that if the cliffs were continuously watched 
for a series of years by any one living on the coast, so that the whole could be 
examined free from talus, the succession of beds seen at Mundesley would be 
definitely traced at intervals as far as Cromer. Though the whole mass of the 
Drifts appears to have been shifted after the beds were deposited, and the 
talus prevents a continuous section being seen, there is so great a similarity in 
the succession at various points that there is little doubt the beds were 
originally continuous. 

Sidestrand. — Near Sidestrand the Pliocene Beds reappear, and for a mile 
and a quarter no contortion affects them. The disturbance in the Drifts is 
very marked, especially in the upper part. At the base, instead of contortion, 
there appears to have been a lateral sliding of the beds over one another; for 
they contain horizontal slickensides, and in one case the sliding has caused 
the same succession to be repeated, the Second Till and Sands being shown 
twice in a vertical section without inversion. 

Between Trimingham and Cromer the base of the Drifts should be carefully 
examined, for it appears at first sight to consist of evenly bedded Boulder 
Olay. On closer examination this laminated clay is seen to be full of 
horizontal slickensides, and apparently to be a clay-breccia, of which the 
broken fragments have been flattened out like dough under a rolling-pin. 
The appearance of bedding is very deceptive, for in this case it seems to be 
nothing but the effect of sliding pressure on the base of the moving mass, 
allied to slaty cleavage, and quite unconnected with a sedimentary origin. 

G 2 
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FlQ. U. 
Section at right-angles to Ike Cliff near Sidestrand Char 
Scale, 60 feet to the inch. 




C Pre-RLicial Bi'il^. 
U D Second TilL 
EE Sands. 
F F Coaloried Drift. 



Overstmnd. — Kh'iut 600 yards south-east of Beck Hithe, the first of the 
transported masses of solid Chalk is seen. At the base of the Contorted Drift 
were two boulders of Chalk, each nbout BO feet in length, one beinpt withiD a 
foot of perfectly undisturbed Pliocene beds. A short distance further two 
more boulders occurred, and immediately north of Beck ]lithe there was a 
fifth : west of that, no more were seen till Cromer was passed. 

At Overstrand cootorlions and talus very much obscare the succession, and 
it was found impossible to obtain any accurate meftsurements of the thickness 
of the different beds. The Boulder (iravcls must originally have been ver}' 
thick, for where contortion has made them fill b&sin-ahaped hollows, as at 
Kirby Hill, they measure over 100 feet. Great part oi this thickness may be 
due to lateral compression, and a seaward dip, but, on the other hand, a 
good deal may have been loat by denudation. 

Cronur. — Between the Lighthouse Hill and the town, a large marl-pit has 
been dug in a taass of reconstructed Chalk, which is seen also in the cliff-face. 
The Chalk is very free from admixture with other materials, and, were it not 
for the occurrence of scattered quartz pebbles throughout, it might be taken 
for a very large boulder of the solid rock. 

In the cliS between the kiln and the Coast Guard station, good illustrations 
may be seen of the conformity between the Boulder Gravels and the Contorted 
Dnft; for, however irregular the base of the Gravels may be, the lines of con- 
tortion always correspond and are not cut off. Mr. Alfred Savin states 
that several years ago he obtained from one of these gravel patches portion of 
the molar of an elephant, unfortunately not preserrea. This is the only fossil 
known to have been found in these beds. 

Opposite the village, as the clitfs have been sloped, no section can be seen 
till tne western end of the aea-wall is passed. Here the beds are very violently 
contorted, and just before the sandy part of the chff is reached (called the 
Marram Hills) a contorted moss of laminated carbonaceous loam is seen 
included in the Boulder Clay. This mass, though no recognizable fositb 
could be found in it, seems to be a boulder of the " Forest-bed " or associated 
deposits, caught up in the Boulder Clay, just as the Chalk boulders so commoa 
in the same neigh bouHiood have been. The Chalk-maases, being very con- 
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Bpicuous in the cliff from their contrast with the nearly hlack Boulder Clay, 
have long been known, but this mass of Pliocene Beds is the only boulder of 
that age yet found. 

The large mass of gravelly sand a few yards fiurther west seems to represent 
the " Middle Glacial/' for it is not nearly so coarse as the Boulder Gravel in the 
immediate neighbourhood. Besides containing abundance of shell-fragments 
which may be derivative, it yielded a perfect Dentalium, The other species are 
Natica sp., Astarte compressa, Cardium edule, Cyprina Islandicay My a ? and 
TelUna Balthica. At its western end, the Contorted Drift is seen above as 
well as under the Gravel ; an appearance probably due, as in the section at 
Trimingham already described {see Fig. 10, p. 98), to an inversion of the 
Boulder Clay, llie great apparent thickness of tills mass of sand is also 
deceptive, owing to the high angle of the bedding : the real thickness most 
likely does not exceed 20 feet. 

From this point to Runton Gangway the contortions are too intricate for 
description, and readers must be referred to -the separate published Sheet of 
sections. 

Runton. — ^The section at Runton will be best understood by reference to the 
folding plate at the end of this volume. For half a mile the Contorted Drift 
is full 01 boulders of solid Chalk, varying in size from a few feet to over 180 
yards in length.* These boulders correspond in character very closely with 
the Chalk seen on the foreshore in the immediate neighbourhood, but are 
separated from it bv imdisturbed Pliocene Beds. At one point the Contorted 
Drift has ploughea into the solid Chalk, but only for a few yards. Long 
tongues of black Boulder Clay are seen in many of the Chalk masses, cutting 
across the lines of flints, and much resembling small intrusive basaltic dykes. 

At the point under Wood Hill where the Boulder Clay has cut down to the 
solid Chalk, it appears to fill a narrow channel sloping seaward ; so that, while 
at the foot of the cliff there is still a little of the' Pliocene Beds beneath the 
Contorted Drift, a short distance away, on the foreshore opposite, it can be 
seen to rest directly on the solid Chalk. The bottom of this hoUow, seen at 
the foot of the beach, contains a large collection of boulders of considerable 
size, and is the only place on the coast where far-travelled boulders are known 
to occur in quanti^', or otherwise than scattered through the Boulder Clay, 
The deposit may be described as a very coarse gravel, a large number of the 
boulders exceeding a foot in diameter. At first sight it might be considered 
to be a heap brought by a single iceberg, which, stranding, cut a groove 
through the older deposits, and, melting, filled it with its cargo of rocks. In 
the way of the acceptation of this explanation there are, however, several 
difiBculties. Firstly, notwithstanding the irregularity of the overlying beds, the 
lines of contortion in the whole of the cliff above, here 160 feet high, seem 
distinctly connected with the outline of this hollow; secondly, no iceberg 
could well bring such a very miscellaneous collection of boulders, without 
calling at a number of widely separated localities, and picking up a few stones 
at each, in a way that neither icebergs nor shore-ice are known to do at 
the present day. The boulders over a foot across were septaria (Kimeridge or 
Oxford Clay), earthy limestone (Lias P), Coal Measure sandstone. Carboni- 
ferous Limestone, hard purple sandstone (Old Red?), hard grits (SQurian or 
Cambrian?), basalt, diorite, mica-schist, and gneiss; in ikct, just such a 
mixture of rocks as might be obtained hj washing a large quantity of the 
Contorted Drift. May this channel be ascribed to the action of a subterranean 
stream, like those of limestone regions, which eroded its bed when the over- 
Iving Drifts were frozen, and on their thawing allowed them to subside into 
tne hollows ? At present there appears no other mode of accounting for the 
various difficulties. 

About 200 yards east of the small stream between Wood Hill and West 
Runton Gap is seen . the contorted mass of gravel already mentioned as 
jielding a fauna corresponding in character with that of the " Middle Glacial 
Sands " of Yarmouth {see folding plate). This section is especially interesting 
as showing so markedly that the contortions are of later date than the deposition 

* Some of these boulders have been figured and described by Sir C. Lyell, 
Mr. S. y. Wood, Dr. James Geikie, and others. 
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of the inter-gldcial beds, and cot 'a? has been stated.! formed at the period of 
the r>jntorted Drift, and 5ub3e<juentlT cut into bj rallers afterwards filled 
with the " Mid'ile Glacial Sintls.*' The de[iOiic consists of a mass of reij 
chalk J gn vellv sand, uith the iines of beddintr nearlr renicaL wrapped round, 
except at the top, br conformable sheets of Stonr Loam. The shells found 
were generallr crushed by the contjition, and could not be removed without 
falb'ng to pieces ; they were : — 

Littorina littorea /fraf^ents common). 

Sassa retico$a ''one perfect specimen;. 

Saticrt Gnenhndica ? ^rare bat nearly perfect). 

Vnhidina tjladnlU? 'one worn specimen ■. 

Purpura hpiilus ffrs^rmentSy. 

Trophon antiquus , reversed var. 'one fragment). 

Scalaria Granlandica 'rare but Dearly perfect;. 

Anorr.ia sp. (one perfect specimen;. 

Axtarte horealis ? ''one fragment). 

sulcata two fraj^ents;. 

Cardium eduh rfra:^ents abundant). 

Cyprina hlandica (small fragments abundant). 

Leila sp. '.'two fragments). 

My a arenaria (fragments common). 

Nucuia Cobboldia (one small fragment). 

Pecten sp. (two fragments). 

Pholas crispata (fragments common). 

Teliina Balthica (very common, and sometimes perfect). 

Balanus sp. 

Fish vertebra. 

Rolled mammalian bone. 

Wood. 

Immediately cast of West Runton Gap there is another patch of this shelly 
sand, resting for some distance directlv on Pliocene Beds, tnough at the same 
time its position is clearly the efiPect or contortion, and not of erosion. 

Beeston, — Towards Beeston the contortions become even more intricate than 
Iwrfore, and again cut down to the Chalk, though for a distance of fully a 
mile no disturbance has affected the even junction of the Drifts and the Luia- 
my alls Bed. Between West Runton Gangway and Beeston Stream, a large 
mass of unstratificd marl occupies the whole of the cliff for 160 yards. This 
marl has been extensively dug for lime, and being mixed with a small pro- 
portion of clay it forms a sort of passage between the pure reconstructed 
Chalk and the marly Boulder Clays. In it has been found a odcaneum of 
deer, now in Mr. Savin's collection. The diff-face shows very well-marked 
vertical jointing, like that of a limestone. 

From this point to Beeston Stream the Contorted Drift cuts to, or nearly 
to, the Chalk. A few yards west of the stream the line rises abruptly, and 
then continues at the same level as before. The sudden way in which all 
these scoops commence is very marked. The junction of the Drift and Pliocene 
Beds will continue at a nearly uniform level for a considerable distance, and 
then, without a gradual incline, the Contorted Drift scoops into the lower 
beds, often at an angle of ;^° or 40°. Under Beeston Hill there is another 
small scoop, affecting the Chalk and squeezing it up into a boss {see Fig. 12, 
p. 116). 

The Drifts in Beeston Hill are too intricate for description^ and no definite 
succession is recognizable, though here and there a little of the TiU appears 
to have been preserved over the Arctic Fresh water Bed. The Contorted 
Drift, when traced for a considerable distance, is found to contain more and 
more marl westward and nearer to the bare Chalk. West of Cromer the 
greater part of it would be more properly described as a marl than as a stony 
loam. 

Sherringham, — ^The pinnacle of Chalk figured by Lyell in the Drift west of 
Sherringham has long disappeared, and at present Chalk boulders are only of 
occasional occurrence near this village. West of Skelding Hill several large 
masses of rock are seen in the cliff ; but otherwise the complicated contortions 
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caD£(Mrno special remark^ and attention need only be drawn to the extraordinary 
shi^pe of the mass of sand which forms great portion of Skelding Hill {see 
Horizontal Sections, Sheet 127). 

Weyboum, — From Old Hithe to Weybourn the Contorted Drift may be 
described as a streaked marly Boulder Clay, with included masses of sand, 
gravel, and reconstructed Chalk. No boulders of solid Chalk are now to be 
seen, but, the clifPs being low, they may have existed in the higher part long 
since lost by denudation. 

For two miles and a half no disturbance has affected the Pliocene Beds, but 
at the cliff end, Wevbourn, the Contorted Drift suddenly ploughs through 
the beds deep into the underlying Chalk. 

Inland Sections, 
General Description. 

A study of the cliff sections will at once show that it would be 
a hopeless task to attempt to trace definite horizons in the Glacial 
Beds inland; for, even with a continuous exposure, the connection 
is often lost through the violent contortion of the different beds. 
In mapping the country it has therefore been necessary to keep 
to lithological divisions alone, for it is impossible in many cases to 
say to which of the various horizons an isolated exposure of sand 
or stony loam may belong. For this reason, after a general 
description of the deposits, the details wall be given unoer the 
heads, *^ Contorted Drift," and " Gravels and Sands," with merely 
an indication of their probable equivalents in the cliff. It has 
not been thought necessary to insert in this Memoir full notes 
of inland sections, which are merely the counterparts of what 
is seen in the cliff-face, and which throw no fresh light on the 
Geology of the district; only the more important exposures of 
the beds will therefore be described. 

Looked at broadly, the lowlands are occupied by the Con- 
torted Drift, and the hills by Gravels and Sands ; but contortions 
like those of the coast often cause bosses of marl and loam to 
occupy the top of the hills, while Boulder Gravel is sometimes 
seen at their foot. 

The Contorted Drift of the southern and eastern portions of 
the district is generally a stony loam, the masses of reconstructed 
Chalk being almost entirely confined to the country north of 
Gunton and west of Trimingham. 

The table land south of Weybourn and Cromer is formed by a 
continuation of the Boulder Gravels and Sands seen in the cliff. 
These beds can be traced from Sherringham Heath, by Fel- 
brigg, Roughton, and Northrepps, to the coast at Sidestrand and 
Trimingham. Southwards they continue to Southrepps, Wilton, 
North Walsham, and Aylsham, forming the heath-lands of Mars- 
ham and Cawston, Abel Heath and Tuttington Heath, besides 
numerous small outliers ; the deposit being probably continuous 
with the Boulder Gravel and Sand of Household, near Norwich, 

The Boulder Gravels and Sands replace each other laterally, so 
that while near the coast the boulders are principally at the base 
of the mads, near North Wabham and Aylsham, Mr. Woodward 
describes the Sand as being capped by Boulder Gravel. Tt is. 
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however, impossible to say whether many of the inland sections 
of *sand belong to the Boulder Gravel or to the Middle Glacial. 

No definite traces of Chalky Boulder Clay occur in the area, 
although present about a mile west of Woodrow Farm, Cawston 
(in Quarler-Sheet 68 S.W.) 

Inland Sections of Contorted Drift, 

East of the Ant the inland sections are of little interest, consisting merely 
of pits in stony loam dug for bricks, or of shallow wells. 

Ingham. — Just south of the Chapel a well showed : — 

Feet. 

r-i-^Joi n^fh /Brick^earth - - - - - 10 

Glacial Dnft | Yellowish sand ... -2 

The Gravel-hole at its north end is entirely in mvel, but at the southern 
side there is a lenticular mass of brick-earth, clearly included in the gravel. 
This brick-earth is used for making drain-pipes and bricks. The tot^l depth 
of the pit is about 30 feet ; and the bottom, which must be near the level 
of the Ail avium, is always wet. 

At the Brick-kiln three furlongs south-east of Ingham Church, there was : — 

Feet. 
Gravel (irregular). 

Stony loam - ... - about 8 

Fine false-bedded sand - - - - 5-h 

The well in the pit extends about 5 feet deeper. 

Another Brick-kiln, a quarter of a mile east of the Church, showed : — 

Feet. 
Pebble gravel (very irregular). 

Stony loam - - - - -4tolO 

Fine false-bedded sand with carbonaceous grains - - 4-f 

Witton, — In the Norwich Museum there is a last upi)er left molar of 
EJephas primigenius, which Mr. Gunn informs me was obtained ** from Drift 
marl at Witton, near Bacton." Though no other specimens of mammoths' 
teeth have yet been recorded from the Boulder Clay of the country described 
in this Memoir, they are not uncommon in other districts. 

Qimingham and Southrepps, — North of the North Walsham and Dilham 
Canal no sections of interest are seen till Guninghain is reached. Here, at a 
place called Lime-kiln Farm, is seen the first inland exposure of the recon- 
structed Chalk. On the opposite side of the stream there is another patch, 
and near Southrepps several more. None of these call for any further notice. 

RougJUon. — At Roughton there are evidently large patches of marl, but the 
sections are not good. 

Beckham and Upper Sherringham. — Numerous marl-pits have been worked, 
showing that inland, as in the cliff, the beds become more marly when traced 
westward. 

Overstrand, — All the inland marl-pits yet mentioned are in reconstructed 
Chalk, and not in Chalk boulders. At Overstrand^ however, there is a pit 
which, though now only showing rubble, seems originally to have been dug 
in a transported boulder>f solid Chalk, for Sir C. Lyell gives an illustration, 
and descnbes it as showing distinct lines of flints.* 

No other sections of the Contorted Drift in the northern half of the map 
show anything but the ordinary Stony Loam or Marl. Numerous pits are 
opened, worked for a few years, and then ploughed over. 



♦ Phil. Mag., ser. 3, vol. xvi., p. 862. 
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The following notes relating to the south-west portion of the district are by 
Mr. Woodward : — 

Marsham. — Noi^h of the | of Cambridge (on the map) 8 feet of stony loam 
was worked for bpckmaf^ing. 

South of the m of Marsham (on the map) a pit showed : — 

^ I / Feet. 

Glacial Drift - Irregular brick-earth - - - 3 to 4 

Upper Crag - Pebbly Gravel - - - 3 

(Water,) , 

Brick-earth has been opened up above the F of Fengate (on the map), and 
east of Heath Farm. 

Aylsham, — At the Brick-kiln, about 1 mile south of Aylsham, the following 
beds were shown (the junction between them was even) : — 

Feet. 
Glacial Drift - Stony loam - - - 16 to 20 

Upper Crag - BuflP sand - - - - 10 

Near Warren House a section at the brickyard showed : — 

Buff false-bedded sand and fine gravel - - 6 to 8 

Brown sandy brick-earth (with chalky and flinty mass near 
top), passing down into greenish sandy brick-earth, with 
Tellina Balthica, Cardium edule, Cypnna Islandica, Mya 
arenaria, and fragments of Inoceratnus - - - 8 

Brick-earth has been worked N. of Woodgate, and at the well dug for the 
little cottage further north, 25 feet of bnck-earth was penetrated, so I was 
informed by Mr.K. J. W. Purdy. West of Woodgate Farm an old pit showed 
a boss of Contorted Drift, comprising brick-earth with a jamb of marl, sur- 
rounded by the sands which cover the higher ground of this neighbourhood. 

Sandy brick-earth has been dug by the A of Aylsham (on the map), to the 
depth of 10 feet. On the surface a pocket of buff sand was sliown. 

East of Woodbine Cottage, brick-earth has been dug beneath 8 or 10 feet 
of sand; At the Railway station the well was sunk 25 feet through sandy 
brick-earth. Water was obtained at a depth of 18 feet. 

A temporary well, sunk about half a mile west of the station, proved the 
following beds :— Yeet. 

rSand - . - - - 10 

Glacial Drift -< Brick-earth and sand - - - 10 

L Blue clay - - - - 7 

Inmiediately to the south-west of Spratt*s Green, clay has been dug out. 

Beneath the words " Wood House*" of Aylsham Wood House (on the map) 
the soil is sandy, although brick-earth seems to have been dug there. 

The loamy districts around Aylsham and those forming the lower grounds 
of Banningham, Felmingham, Suffield, and Coleby, probably constitute the 
best land in what is sometimes called the Vide of Aylsham. From the general 
fertility of the soil, the nmnerous trees in plantations and hedge-rows, and 
the gently diversi6ed scenery, the district round Aylsham has been termed the 
" Garden of Norfolk." 

BlickUng, — 6 feet of stony loam has been worked beneath 8 or 9 feet of sand 
at Whitetop Common, 

Banningham, — ^The Brick-yard S. of the church showed 8 to 10 feet of brown 
loam resting on 6 feet of buff sand, the sand possibly occurring in a pocket. 

Half a mile S. of the church, on the Aylsham road, a well sunk for the 
new Farm House (1879) showed : — p^^^^ 

Loamy soil - - - - -lto2 

Glacial Drift-{Sa»i ■ . ' . " . ' : ^ J^ 

The sand appears to rest in great hollows or contortions of the brick-earth, 
and to be interbedded with it. 

Tuttington, — Above the words " Ship Inn " (on the map), 6 feet of stony 
loam was exposed. 
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A little further to the south the foUowiuf^ section was opened, showing : — 

Ft. Ins. 
Soil - . - - - - 1 

Glacial Drift . / ^^^^^ ^^^ angular gravel - - 2 

^^^^^ ^^^* I Stony loam - - - 3 

Upper Crag - Pebbly gravel - - - 6 shown. 

Skeyton. — ^The Brick -yard N.E. of the church showed 12 feet of brick-earth, 
overlaid by 10 feet of buff sand. 

Felminyham. — By the last e of Waterloo Cottage (on the map) 5 feet of 
stony loam was opened up. 

Brick-earth was also shown in excavations for the Rifle Butts east of the 
King's Head Tnn. 

Svffield. — East of the Rookery Farm, brown stony loam has been dug for the 
manufacture of bricks, tiles, ornamental vases, &c. 

West of Lubbocks Alder Car, ,9 ft. of brown stony loam has been opened 
up. 

Westwick. — Westwick Church is situated on brick-earth, beneath which is 
sand. The house is built on sand with a loamy soil on top. 

Worstead. — East of the Obelisk in Westwick Park, a brick -yard showed : — 

Feet. 
rBuffsand - - - - 4 to 5 

Glacial Drift - \ Stiff sandy clay with nests of buff sand near 

L the top .... 20 (dug) 

South-east of Penny Wood an old pit showed marl, brick-earth, buff and 
brown sand, confusedly arranged, and evidently part of the Contorted Drift. 

North Walsham. — At the old Brick-yard west of the town about 15 ft. of 
brick-earth was dug. 

A well by some new cottages south of the word " yard *' (on the map) was 
sunk about 40 feet, through brick-earth, into pebbly gravel, &c. 

South of the al of North Walsham (on the map) brick-earth with nests of 
sand has been opened up. 

H. B. Woodward. 

Inland Sections of Gravels and Sands. 

The only data for the inland mapping of the Gravels being the 
slope of the ground and the character of the vegetation, the 
boundaries on the map must only be taken as approximate, for 
the base line is so uneven and contorted that neither level nor 
apparent superposition can be accepted as a guide. As the 
different Glacial Gravels, are all mapped together, there are often 
near the base alternations of Gravel and Contorted Drift, which 
are mapped as one or the other according to the preponderance 
of pervious or impervious beds. Thus, with regard to these 
particidar deposits, the Geological Survey Map in this district is 
essentially a lithological map, and does not always represent the 
relative ages of the various gravels and loams. 

Ingham. — A pit north of Ingham Church showed: — 

Feet. 
Gravel with laree bouldered flints, seams of marl, and well- 
bedded pebbly sand .... about 22 
Fine sand and shingle • - • . . 8 

A few yards away the gravel is lost, probably in a contortion. This pit was 
deepened till water was reached. 

Brumstead, — A patch of gravel occurs west of the Church, but there is no 
section. 
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Wa}fford Bridge, — ^The gravel at Wayford Bridge is remarkable for its 
coarseness, and the abundance of the large Ostrea vesicularis which it contains. 
Besides these oysters, so characteristic of the highest part of the Norfolk Chalky 
it contains many of the porous flints only found in situ at Trimingham. The 
oysters are often covered with annular chalcedony (Beekite). 

Witton and Edingthorpe, — In the large outlier extending from Crostwight to 
Knapton and Edingthorpe, pits have been opened at several places. One on 
Witton Heath shows about 15 feet of false-bedded sand ana sandy gravel. 
Another at Edingthorpe is in coarse boulder gravel and fine sand, contorted 
with the brick-ewth. 

Tninch and Trimingham, — ^Though very variable, the gravel between Trunch 
and Trimingham usually contains many large flints. A pit at Middle Street, 
Trimingham, showed coarse false-bedded gravel, with obscure bedding, and a 
large proportion of the stones with their longer axes vertical. .- » 

Southrepps and Northrepps, — At these places there appears to be more sand 
than gravel, though the sands seem generally to have a gravelly base. 

The cuttings for the line between Southrepps and Cromer showed very good 
sections of gravelly sand, the boulder beds having died out. At the crossing 
west of Pit Farm, Southrepps, there was : — 

Feet, 
False-bedded rather loamy buff sand, with much carbonaceous 
matter, and lines of colour - - - - - 25 

The cuttings between this point and Cromer all show similar beds, but 
rather more gravelly. 

The first cutting from Cromer Station is entirely in buff and orange sandy 
gravel, well-bedded, but not much false-bedded. The stones are mostlj 
angular and sub-angular. Though these sands are evenly bedded for a consi- 
derable distance, at one point the bedding is tilted till for a few yards it 
becomes perfectly vertical, proving that some, at least, of the contortions are of 
later date than the deposition of the sands. Close examination often shows 
that these bedded sands, and the similar deposits in the cliffs, are full of small 
faults, though at a short distance the stratification seema undisturbed. 

Roughton to Weyboum, — Similar beds extend over Roughton Heath, but the 
gravels appear to become coarser as they are traced westward, till at Weyboum 
they correspond in character with the " Cannon Shot Gravels " of Norwich. 

North Bamingham, — A large pit on the west side of the church showed : — 

Feet. 
Soil - • • « • M 1 

Boulder gravel - - - • 8 

Brown bedded gravelly sand - - - 6 + 

The following notes on the south-west portion of the district are by 
Mr. H. B. Woodward :— 

Calthorpe,—^, of the church a deep and picturesque lane-cutting showed 
the junction beds of sand and brickearth. The northern portion of the outlier 
of sand and gravel at Calthorpe is partly formed of pebbly gravel. 

Blickling. — On Abel Heath from 6 to 8 feet of sand has been dug. Above 
the so of Mausoleum (on the map), sand and j^ravel has been opened up. 

OtUton, — East of the old workhouse, Oulton, about 15 feet of sand was 
exposed, containing pockets of brown loam,' which looked like relics of Chalky 
Boulder Clay. 

Cawston, — South-east of Woodrow Farm, sand and gravel has been opened 
up to a depth of 8 feet. 

Aylsham, — S.E. of WoOdgate, and immediately east of the lane, sand was 
opened up to a depth of 8 feet. 

The cutting at Aylsham station^ and the foundation for the railway bridge^ 
showed : — 

Irregular loamy soil . - . -H Feet. 

" " " ------ ,1 - - 



Glacial Drift -^ 



Buff and yellow sand, with streaks of browti > 10 to 12 
clay ... -J 

Sandy brick-earth with veins and nests of 
sand » • • • "3to5 



Glacial Drift -^ 
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About a quarter of a mile north-east of Bolwick Mill^ a pit showed 3 feet of 
sand resting on 3 feet of pebbly gravel. 

West of Spratt's Green^ by the bridge^ the following beds were opened 
up : — 

Feet. 
Soil and reddish-brown clay - - - 3 

Buff and brown sand with loamy veins - - 12 

The sand seems to belong to the Crag series. 

By the plantation N.E. of Bolwick Mill a pit showed buff sands with seams 
of angular gravel, containiog flint, quartz, ana carbonaceous matter. 

Brampton, — West of the church, and immediately south of the railway 
bridge, the following beds were exposed : — 

Feet. 
Fine angular and rounded gravel, and sand 

with krge flints - - - - 5 to 8 

Partly stratified brown brick-earth or stony 
loam^ chalky in places - - - 3 to 5 

Upper Crag - Grey, white, and yellow sand . . 3 

The beds were much disturbed; the brick-earth and overlying gravel 
occupying a sort of basin in the lower (or Crag) series of sands. These latter, 
appearing as fine brown and white false-bedded sand, formed the mass of the 
cutting north of the bridge. 

Burgh, — South of the to of New Barn (on the map) 10 feet of buff sand was 
exposed. 

Skeyton, — North-east of the church a pit showed 6 feet of buff iron-stained 
sand, and fine gravel, with a number of large unworn flnts. 

Swanton Abbot. — Several sand-pits have been opened on Swanton Hill, in one 
of which about 20 feet of stratified and false-bedaed buff and brown sand was 
to be seen. 

JVestwick. — £ast of Old Woman's Plantation about 10 feet of buff sand was 
exposed. 

JVorstead, — Fine sections of the sand may be seen on Sandy Hill, by Bunns 
Hill Wood, and in the railway cuttings. In the cuttings of the Yarmouth and 
North Norfolk Railway 20 to 30 feet of false-bedded buff sand was exposed. 
It contained scattered pebbles and lines of ferruginous gravel. 

At the Almshouses 15 feet of buff sand was opened up. 

North Walsham, — East of the Great Eastern railway station the following 
beds were exposeU : — ' 

Feet. 
"Irregular and somewhat contorted loamy and 
sandy deposit, with a few unworn flints and 
Glacial Drift -< gravelly seams - - - - - 5 

Coarse stratified boulder-gravel, chiefly flints, 
with a few quartz pebbles - - - 3 

South of Field Mill, about 8 feet of coarse flint gravel, with pebbles and 
boulders of Igneous rock and Quartzite, was opened up. A loamy and clayey 
soil occurred on top. These beds were also exposed in the cutting of the 
Yarmouth Railway, west of the Mill. To the south, 15 feet of buff falsie- 
bedded sand^ with a little gravel, was exposed in the railway cutting. 

H. B. Woodward. 

Transported Boulders. 

Mention of the numerous large boulders scattered about the 
country has been reserved till the end of this Chapter ; for as they 
are almost always found loose on the beach, or placed by the road- 
side^ it is often impossible to say from which of the different 
Oladal Deposits they have been derived. A person driving 
through the country might be struck by the abundance of boulders^ 
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though at the same time it is rarely possible to find a stone of 
over a foot in diameter in place in the cliff section. This apparent 
abundance of large boulders is, however, quite deceptive ; they are 
in reality very rare, and those seen are the sole remains of the 
denudation of large extents of the cliff, or of broad inland valleys. 

Two reasons contribute to the large show of boulders often seen 
around farmhouses and by the road-side. The first is the high 
farming which has led to the removal of every large stone found 
on the fields, these being customarily placed in the conspicuous 
positions where they are now seen. The second is that brick 
being the general building material, no tools capable of breaking 
a large bouldered mass of hard rock are used in this district ; 
therefore only the smaller etonee, which can be broken by an 
ordinary s tone-breaker's hammer, are used foi' road-metal, wliile 
the large masses are quite valueless, except as horse-blocks, or for 
the protection of ditches and the corners of houses. Some of the 
boulders are used for building, but in the walls they are as well 
preserved as they would be in the fields, seldom being broken, but 
merely selected for their shape. 

Leaving out of account the transported masses of Chalk, which 
I believe have only travelled a short distance, the largest boulders 
consist of gneiss, mica-schist, garnetiferous-schist, hornblende- 
schist, hard metamorphic grits (Silurian or Cambrian ?), quartzite. 
Carboniferous Limestone, Coal Measure Sandstone, Old Red 
Sandstone, granite, diorite, and basalt. The smaller boulders are 
generally flints, hard Chalk, Oolites, Lias, and a very miscellaneous 
collection of igneous and metamorphic rocks of, at present, unknown 
origin. 

During Easter of the present year (1882) the Director General 
of the Geological Survey went over this district with me, and 
examined many of the boulders, to settle, if possible, the country 
of their origin. He informs me that a large number of them are 
in all probability Scandinavian. Of the metamorphic rocks many 
could not have come from any part of the British Isles nearer 
than the north-west of Scotland ; there is nothing like them in 
the southern Highlands, and marked and abundant south Scottish 
rocks are absent from the Norfolk Drifts. It seems therefore far 
more probable that these boulders are of Scandinavian origin, 
than that they have crossed from the north-west of Scotland 
without being mixed with a large proportion of the rocks from 
intervening districts. 

The following notes include the larger boulders, the first two 
being the only ones I have seen measuring over 6 feet in length : — 

Light-coloured quartzite, 7i x 5 x 4 feet ; on the foreshore at Sidestrand. 
Apparently granite, but so rounded that it cannot be broken, 6J x 4J 

X P feet; on the foreshore at Runton. 
Granitic rock, about 2^ feet ; at Bessingham Church. 
Carboniferous Limestone, large Boulder at Happisburgh. 
White quartzite 4 feet long ; Sexton's Wood, Felbrigg Park, in the path 

close to the high road. 
Basalt, large mass showing portion of four columns ; opposite the entrance 

to Broomholm Abbej, Bacton. 
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At Cromer, Beeston, and Bacton there are numerous boulders of meta- 
morphic, granitic, and basaltic rocks, commonly about 2 feet in diameter. 

Black Meg, a large mass on the foreshore at Runton, has been described as 
a boulder of granite ; but if this refSers to the one now seen, it is a fallen 
mass, consisting of flint conglomerate cemented bj lime and day. Such 
masses are often formed in the Contorted Drift. 

Mr. H. B. Woodward mentions that by the high road, north of Marsham 
Church, three boulders of veined grit may be seen, one of them 
4 X 3 X 2 feet. 
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CHAPTEE XIIL— ORIGIN OF THE CONTORTIONS. 

Summary of the Facts to he explained, 

A study of the cliff sections near Cromer brings out several 
facts as to the mode of occurrence of the contortions, which must 
be accounted for before we can pretend to understand their 
origin. At present so many difficulties stand in the way of every 
explanation which has yet been brought forward, that it will be 
advisable to give a summary of the facts and phenomena noted in 
detail in the last Chapter, drawing special attention to the points 
to be explained ; then an outline of the different published theories, 
with a discussion of the facts which seem to support or oppose 
them ; and finally a sketch of the view the study of the cliffs has 
led me to form. The latter is only brought forward tentatively ; 
for the difficulties are so great, there is so much dispute as to 
important facts shown in the cliffs, and we are at present so 
entirely ignorant, except hypothetically, of the behaviour of ice 
in large sheets, that new discoveries may any day overthrow our 
most generally accepted theories. 

The leading points brought out in the last Chapter are, firstly, 
that the so-called "Contorted Drift" consists of deposits of 
various ages, formed under very different conditions, and including 
large transported masses of Chalk, Pliocene beds, and of the 
various Pleistocene deposits formed before the contortion took 
place ; secondly, that it is a deposit of very irregular structure, 
resting unconformably on any of the older beds, and eating into 
them m a peculiar manner at present unexplained, curiously like 
the replacement of stratified beds by sheets of basalt; thirdly, 
that these contorted beds, though often violently disturbed at 
their base, generally rest with a horizontal junction on the quite 
undisturbed deposits beneath ; fourthly, that no contortion is cut 
off above by stratified beds deposited on its upturned edge, and 
that some of the large contortions affect the whole thickness of 
the cliff from the ChSk to the Boulder Gravel. 

Old Theories. 

The origin of these disturbances has long been a disputed 
question ; for they are on so large a scale, are so complicated, and 
appear so unlike anything we have elsewhere in Europe, except in 
the Island of Moen,* that it is not surprising that great difficulty 
should have been felt in explaining their mode of formation. 

♦ See Lyell, " Antiquity of Man," 4th edit., p. 388 5 and Johnstnip, Zeitschrift der 
Dentschen Geol. Gesellschaft^ 1874, p. 533. 



i 



112 GEOLOGY OF CROMER. 

The older writers referred these, like most other unexplained 
geological phenomena, to the action of the Deluge, and it was not 
till the publication of Sir C. Lyell's paper " On the Boulder For- 
mation " in 1840 that any attempt was made to treat the matter 
scientifically * Lyell speaks of the contortions as possibly formed 
in three ways : '* firstly, by ordinary upheaval and subsidence, to 
which geologists are accustomed to attribute the bendings, in- 
clination, and dislocation of strata ; secondly, by landslips, or 
the sliding down of sea-cUfFs, or the falling in of undermined 
banks of rivers, or of submarine sand-banks; thirdly, by the 
stranding of islands and bergs of ice. It is possible that all 
these causes of disturbance may have co-operated to produce 
the complicated movements which we now behold in the 
cliffs under consideration." After discussing the three explana- 
tions, Lyell adopts the theory that the contortions were formed by 
the stranding of icebergs and large masses of packed ice, and then 
describes similar though much smaller contortions formed at the 
present day in the Arctic Regions. 

In 1851 Joshua Trimmer brought forward the theory that the 
contortions had been formed by the melting of included masses 
of ice, which allowed the beds to subside into irregular cavities. 
The Rev. O. Fisher, in 1868, among other explanations, stated 
that *^ m attributing contortions in the underlying beds to the 
deposition of masses of matter upon the surface, I would go to 
the extent of suggesting that the remarkable bluffs of Chalk at 
Trimingham may have been upraised by some such action/' 
Most other writers appear to have adopted the floating ice theory 
in some form, till in 1880 I suggested that the disturbance was 
caused by the pressure of the ice-sheet which, during the greatest 
intensity of the cold, probably filled the bed of the North Sea, and 
ploughed up large masses of Chalk, driving them laterally into the 

beds.t 

More recently Mr. T. Mellard Reade has tried to account for 
the transportation of the large Chalk boulders through the agency 
of submarine springs, the water of which, freezing in fissures in 
the Chalk, gradually forced up large blocks, and at last caused 
accumulations of ice sufficient to float the detached masses. t 

Objections to the received views. 

To the first theory, that the contortions were caused by deep- 
seated disturbances, there is the fatal objection, as Lyell pointed 
out, that the beds beneath violent contortions are generally quite 
horizontal. In the case of the Trimingham Chalk, about which 
Sir C. Lyell felt uncertain, subsequent observations by the Rev. O. 
Fisher, and others made in the course of the Geological Survey, 
have shown that its relation to the Boulder Clay and " Forest- 
bed " are such as can only be accounted for by a force acting 

♦ Phil. Ma^., ser. 8, vol. xvi., p. 345. 

t GeoL Mag., Dec. H., vol. vii., p. 55. 

X Quart. Journ. Geol Soc, vol. xzzviii., p 223. 
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from above, pinching up the Chalk and forcing the Boulder Clay 
into it. This disturbance at Trimingham will again be alluded 
to. 

The second suggestion, that the contortions have been formed 
by the subsiding of the beds through landslips, is at once met by 
the difficulty that the materials appear to have been forced up, not 
let down. No landslips would account for the large masses of 
transported Chalk above, and separated by evenly stratified beds 
from, the solid rock, in places where the whole structure of the 
country shows that no pinnacles or clifis of Chalk could have 
existed. 

The theory which Lyell adopts, disturbance by icebergs and 
coast-ice, has been accepted by most writers without hesitation. 
To this hypothesis, however, there are several objections. The 
first difficulty is, that it would need a very large iceberg to contort 
beds 200 feet thick, as at Trimingham ; and there is no evidence 
of Miy submergence sufficient to float such bergs. No trace of a 
contemporaneous marine fauna has been found in the Contorted 
Drift, though dredgings in the Arctic seas show that the marine 
boulder beds there forming, contain abundance of life. The second 
objection to the marine theory is, that .we ought to find sedi- 
mentary Boulder Clays formed from the materials brought by the 
ice. Yet the only marine beds that do occur are the sands, which 
show no trace of glacial action. The associated Boulder Clays do 
not appear in any instance to be sedimentary, and there seems 
to be no stratified deposit formed contemporaneously with the 
contortion, unless it be the unfossiliferous Boulder Gravel which 
caps the hills. A third difficulty is, that the icebergs, to plane off 
such an even surface of Pre-glacial Beds as we see in these cliffs, 
must be flat-bottomed (not jagged as icebergs usually are), and 
all submerged to the same extent. The ice must move quite 
steadily, not rocking, and must be of great thickness, or else it 
would at once pack and form an irregular base. These and 
numerous other minor objections make it difficult, after an exami- 
nation of the coast, still to accept the theory of the agency of 
floating ice in forming the Contorted Drift of Norfolk. 

Trimmer's hypothesis, of the melting of included masses of ice 
which caused the beds to subside into hollows, is probably the 
true explanation of many of the smaller contortions ; but it, of 
course, leaves undecided the origin of the Chalk Boulders and of 
the contortions in solid Chalk.* 

The Rev. O. Fisher's theory of the forcing up of the beds by 
irregular deposition of masses of material on their surface, seems 
inadequate to the formation of contortions on so large a scale. It 
is doubtful whether anything less ihau a mountain piled on the 
surface at Trimingham would be sufficient for the contortion of 
two hundred feet of underlying sirata; and even that would 
scarcely account for the inversion of the Chalk, — a phenomenon 



♦ See also ante, p. 82. 
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which seems impossible oF explanation^ except on the hypothesis 
of a lateral thrust, or of a sliding pressure from above. This 
inversion of the solid Chalk seems also a fatal objection to 
Mr. Mellard Reade's theorj^. 

The Land-ice Theory. 

Taking all the facts into consideration^ it appears probable 
that the contortions must be accounted for by the agency 
of the land-ice, shown by Scotch and Scandinavian geologists to 
have covered so large a portion of northern Europe during part 
of the Glacial Epoch. Various reasons have led my colleagues 
Drs. Croll and James Geikie to consider that the ice-flow was 
from the north-east ; and it is interesting to find that the strike of 
the larger folds in the Contorted Drift on the coast also points 
to a force from the same direction.* The extreme shallowness of 
the North Sea would cause it to be entirely filled with ice, which, 
flowing over or abutting against the older Drifts, contorted them 
in the way we now see. 

A heavy ice-sheet flowing over the beds, in this higher land where 
no water could collect beneath it, would drag the underlying 
deposits. When these beds happened to be alternations of clay 
and sand, they would slide over one another, the sands saturated 
with water acting as a lubricated surface over which more 
coherent massses could readily be moved. To this cause I am 
inclined to refer the generally undisturbed state of the Pliocene 
Beds ; for we find that when clays occur immediately under the 
Boulder Clay they are disturbed, but when sands they are generally 
unafiected except for a few inches. Thus the dragging of the beds 
over one another sometimes only affects the highest deposits in the 
cliff; but, however low it may extend^ its limit is always marked 
by some continuous sandy bed. 

If this theory is correct it accounts for the repetition of the 
deposits,' as shown in Fig 1 1 (p. 100), and also for the bedded, or 
rather flattened, structure so often mentioned as occurring in the 
-Contorted Drift It also explains the lamination at the base of 
the Till in districts where that deposit has been affected by these 
later movements. 

TVansportation of the Chalk Boulders. 

The next point to be considered is the origin of the large Chalk 
boulders, and the means by which they have been transported to 
their present sites. 

On the iceberg theory it is very singular that these transported 
masses should be entirely confined to that portion of the coast on 
which the solid Chalk is at a sufficiently high level to be occasionally 
ploughed into by the Contorted Drift It is also curious that the 
boulaers, as ben)re mentioned, correspond with the Chalk in the 



* CroU,<'ClimateandTime,''1875; J.Geikie,«GreatIoeAge,*'1874. [Ed. 2, 1876.] 
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immediate neighbourhood ; that is to say^ to bed^ which^ if there 
had been a sufficient submergence to float large icebergs^ would 
be entirely out of reach beneath the sea level. 

I believe that on the coast can be seen boulders of Chalk in 
every stage of manufacture, and that none of them need have been 
moved more than a few hundred yards from their original bed. 
In Figs. 12 and 13 are shown what appear to be two stages of the 
formation of a boulder. 

The first, taken imder Beeston Hill, shows the Contorted Drift 
scooping down to the Chalk, and driving it up in a boss or ridge. 
The second is a section of the north-western Chalk bluff at 
Trimineham, as seen in the projecting point at right angles to 
the cliff. The third stage is represented by the enormous boulders 
at Runton (see folding plate). 

If the ice-sheet, instead of flowing over the beds, happens to 
plough into or abut against them, it would bend up a boss of 
Chalk, as at Beeston. A more exlensive disturbance, like that at 
Trimingham, drives before it a long ridge of the beds, and nips 
up the Chalk, till, like a cloth creased by the sliding of a heavy 
book, it is folded into an inverted anticlinal. A slight increase 
of pressure, and the third stage is reached, — the top of the anti- 
clinal being entirely sheared off, the Chalk boulder driven up an 
incline, and forced into the overlying Boulder Clay^. 

This bending of the solid Chalk can scarcely have taken place 
suddenly^ but must have occupied several years, or at least months. 
The extent of the disturbance at Trimingham also points to the 
employment of enormous force, as well as a steady pressure. 
Though much has yet to be' explained as to the cause of the flow 
of an ice-sheet, the acceptation of this agency seems the only way 
of accounting for these phenomena. By continental geologists 
the theory has already been applied to the explanation of the even 
greater disturbances seen in the Island of Moen in Denmark.* 

The masses of reconstructed Chalk so common in the Contorted 
Drift are probably nothing but a later stage of the transported 
boulders, in this case so shattered and mixed with clay that they 
form a sort of transition to an ordinary Boulder Clay. From the 
very marly character of the Contorted Drift when traced westward. 

Fig. 12. 

Section of the Base of the Cliff under Beeston Hill. 

Scale, 50 feet to an inch. 



A. — Chalk, hent into an arch and forced ahove its normal level. 

B. — Pliocene Beds. 

C— Contorted Drift, scooping down to the Chalk. 



* See Johnstrup, Zeitschrift der Deutschen Geol. Gesellschaft, 1874, p. 583. 
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it seems not improbable that that portion of the deposit is con- 
tinuous with and passes laterally into the Great Chalky Boulder 
Clay. The general structure of Norfolk and Suffolk appears to 
show that the whole of the contortions are of one age^ that of 
the greatest glaciation, or of the Great Chalky Boulder Clay, and 
it is probably to this period that the disturbances on the coast may 
be referred (see also Norwich Memoir, p. 137). 

Effect of Contortion on the apparent Thickness of the Beds. 

If the beds have in reality been subjected to a powerful lateral 
thrust, as above suggested, the height at which any particular 
deposit is now found is no criterion for its original position. It 
is clear that the Trimingham Chalk has been squeezed up, and 
driven far above its normal level ; and, as the same contortions 
have still more violently affected the newer beds, these also have 
probably been raised, and their apparent thickness much ex- 
aggerated by the lateral compression. Taking the depth of the 
little disturbed beds at Mundesley as a scale, and supposing the 
measurement at Cromer originally to have been about the same, 
contortion has increased the thickness &om 150 feet at the former 
place to about 250 feet at the latter. 

Origin of the Boulder Graveb. 

The origin of the unfossiliferous Boulder Gravels still remains 
to be explained. From their structure they seem more like the 
deposits of a turbulent lake or flood than ordinary marine shingle ; 
for though the flints are often thoroughly rounded, in many places 
they are quite unworn. This peculiarity, in addition to the fact 
that the stones have often the longer axes Vertical, points to the 
^ncy of strong currents, and not of the regular surf of a beach. 
There is also a marked limitation in the distribution of the 
Boulder Gravels, which may be connected with their mode of 
origin. They commence just where the Chalky Boulder Clay ends, 
the two deposits only being known to occur together at one or 
two localities, where, for a short distance, the gravel extends over 
the Clay.* This peculiarity has already been noticed by Messrs. 
Wood and Harmer,t who described these beds as " Cannon Shot 
Gravels'*; and I am inclined to agree with them, that the Gravels 
may be *^ a local modification of the clay due to the action of some 

Eowerfiil cun^ent over this part of Norfolk"; or they may have 
een formed in an ice-dammed lake, liable to sudden floods, and 
to the heavy waves caused by falling masses of ice. The term 
"Flood Gravel" is used by Mr. Skertchly for beds of this de- 
scription (Geology of the Fenland, pp. 196, 208). It is noticeable 
that, if derived from the Boulder Clay, or from the same source as 
the Boulder Clay, nearly all the softer rocks must liave been 
destroyed, the deposit now consisting almost entirely of flints. 

• Seq " Memoir on the Geology of the Country around Norwich," p. 129 
f <' Supplement to the Crag Mollusca," Pal. Soc, Introduction, p. zxyii. 
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CHAPTER XIV.— ALLUVIAL DEPOSITS- 
PLEISTOCENE FOSSILS, 

The Post-glacial Beds in this district consist entirely of valley 
deposits, without, so far as is yet known, any trace of marine beds 
like those seen at Hunstanton or in the Nar Valley. As these 
deposits are of small extent and of venr similar origin, they will 
all, notwithstanding their different ages, be included in the present 
Chapter, except the Shingle and Blown Sands, which will be 
more conveniently described in the Chapter on Denudation. 

Older Valley Deposits. 

Bacton, — On each side of the Coal Gap, and also ahout a quarter of a mile 
north-west of the Coast Guard Station, just above the beach, there is seen some 
gravelly and sandy Alluvium, and at the latter place a patch of stiff blue 
carbonaceous clay. 

At Bacton Green there conunences a thick deposit of valley gravel, overlaid 
at the Gap by a little peaty loam. The gravel consists of little worn flint and 
other stones washed out of the Boulder Clay. It rests, with a very irregular 
base, on the eroded surface of the Glacial or Pre-glacial Beds, cutting at one or 
two places to beneath the beach-level> but generiUly capping a low cliff. The 
' thickness of the gravel varies from 5 feet near the Gap to upwards of 45 feet 
about half a mile to the north-west. At its base, a few yards from the point 
where it is thickest, a jaw of Elephas primigenius was found, coated with moss, 
and evidently long exposed in the clis hce. From the pervious nature of the 
gravel the jaw had entirely decayed, leaving onl^ a soft clayey substance. 
However, three molars were obtained, and are now m the Museum of Practical 
Geology. The section given by Lyell, as showing regularly stratified Glacial 
GravelB resting on the truncated edges of the Contorted Drift, appears from 
his description to have been taken at the north-western end of this deposit, 
and therefore is only evidence of Post-f^ladal and not of Glacial denudation.* 

Inland these gravels are continued (in local patches) as an old river-teirace 
connected with the Bacton Valley, rising to nearly 50 feet above the present 
Alluvium. One outlier has been mapped immediately east of Bacton Cnurch ; 
and there is, perhaps, trace of another overlying the '' Forest-bed " gravels on 
Crostwiffht Heath. The latter, however, is too uncertain to be mapped. 

At Duham Long Common and Smallburgh Hill the gravel reappears, and is 
of very considerable thickness. At a large pit at the latter place, about 250 
yards east of the parsonage, there was : — 

Feet. 
False-bedded, coarse, angular flint gravel, with large scattered 
flints and a littie laminated loamy sand - - - 20 + 

A good many of the porous flints, so characteristic of theTrimingham Chalk, 
are seen in the gravel ; and in one place there is a littie brick-earth overlying it, 

Erobably a wash from the Boulder Clay. Mr. Gunn informs me that bones 
ave been found in this pit, but only elephant could be recognised. 

MundesUy, — ^The next section of valley deposits exposed in the diff is the 
well-known one at Mundesley {see Folding Plate]. Here, between two beds 
of Valley Gravel which coidesce at the edge of the basin, there is a thick 
lenticular mass of peaty loam with plant remains, shells, bones and dytra 

** Fhil. Mag., Ser. 3., vol. xvi., p. 351, Fig. I. ; and ''Antiquity of Man,** 4th edit, 
p. 262, Fig. 35. 
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of beetles. 'Una deposit, as already mentioned, was confounded by the older 
observers with the " Forest-bed/' and was accepted bj them as proving the 
interstratification of fresh-water beds with the Glacial series. 

Lvell in 1840 described the section, and gave a long account of the character 
of the deposit and the included fossils ; among the latter he mentions and 
figures toe Hydrohia marginata (given as Paludina minuta), a shell now 
extinct in England. The woodcut accompanying his paper shows fresh- 
water beds dovetailing into the Boulder Clay, though at the same time Lyell 
states that during his earlier visit in 1829 he " inclined to the conclusion tnat 

the Mundesley formation might, as a whole, be considered as the 

deposit of a lake or hollow excavated in the drift."* 

In 1861 Prof. Prestwich pointed out that two quite distinct fresh-water 
deposits had been confused, and gave a carefully drawn section of the beds, in 
which was shown the basin in nearly the same state as now.f Other writers 
have since restated that the bed is intercalated in the Boulder Clay, or, as 
Messrs. Wood and Harmer describe it, it undercuts that clay.^ Though at 
the present day there is no trace of this intercalation at Mundesley, it is quite 
probable that such may have been seen a few years ago. The Boulder Clay is 
much inclined to slip mto a valley, even when the sides are less steep tnan 
those of the old Mundesley river. In this way it may cover part of the peat, 
and afterwards be covered by a continuation of the same. No section on the 
Norfolk coast shows this interbedding, but I have lately seen in Holdemess an 
exposure of alternating Valley Gravel and Boulder Claj undoubtedly formed 
in this manner, though the clay, unless closely examined, seems quite un- 
disturbed. 

Several interesting additions have recently been made to the fauna of the 
Mundesley " river bed," as it is often called, and it now possesses a distinctive 
character which makes it of special interest to the geologist. Among the 
fossils is a molar of Elephas antxquus, found in making the gangway, and now 
deposited in the Norwich Museum. In the same Musemn are the remains of 
a water tortoise, Emys lutaria, obtained as lon^ ago as 1863 by Mr. C. W.. 
Ewing, but not recorded till 1879.§ Emys lutarta had onlv once previously 
been found in England, and this locality was also in Norfolk, being near East 
Wretham. In the course of the Geological Survey a large portion of the 
skeleton of a bird, the red-throated diver, Colymbus septentrionalis, was found 
at the base of the loam. Probably the missing parts of the skeleton had been 
washed away by the sea, for some of the bones projected from the face of the 
cliff. Among the shells is Hydrohia marginata, now extinct in England, but 
living in the south of France. || A seam of peat at the base of the loam 
is full of leaves of willows ; and scattered throughout the deposit is abundance 
of Ceratopkyllum demersum,^ 

The lowest part of the hollow cuts a few feet below the beach line, and near 
this spot the details of the section are : — 

Feet. 
Soil --------3 

Gravel and a little sand - - - - - - 8 

Peaty and sandy loam, full of fossils, and with a seam of peat at 
the base - - - - - - -30 

Clayey gravel, penetrated by roots • - - - 4 

Gravel (bottom not seen). 

* FhaMag.,Ser.3.,yol.XYiMp..352. 5eea/«o«AntiqaityofMan,'*l8tedit.,p. 224. 

t eulogist, vol. iv., pp. 68, 119. 

t Sopp. to Crag Mollosca. 

§ E. T. Newton, <* On Emys lutarta from the Norfolk Coast" Geol. Mag., Dee. II., 
voL vi., p. 804. See also note by H. B. Woodward, Trans. Norf. Nat Soc., 
vol. viii., p. 86. 

II Dr. Sandberger, however, has described the Mundesley shell as a distinct species 
under the name Belgrandia nana, Sandb., in Falffiontographica.. vol. xxvli., p. 83 ; 
but it is very close to the recent H, marginata, 

f For full list of fossils see table at the end of this Chapter. Prof. Prestwich 
suggested that the Hoxne bed, yielding PalsoUtbic implements, might be of the same 
age as the Mundesley bed ; Phil. Trans., Part II., 1860, p. 308 ; but up to the present 
time no Palaeolithic implements have been fonnd at Mundesley. 
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Runton. — No Post-glacial deposits occur between Mundealey and Runton, 
bat at West Runton Valley Gravels again cap tbe cliff {see folding plate). 
Though no fossils have been found, ihis section is of special importance as 
being the most northerly locality where, up to the present time. Palaeolithic 
implements have been found in stratified beds. In 1878 Mr. Alfred Savin, of 
Cromer, obtained at this place an axe of the ordinary type, — the only one, as far 
as I am aware, yet found on the Norfolk coast. 

Sherringham. — At Lower Sherringham a similar gravel is seen, but no 
fossils have been found in it. It can be traced across the common to the foot 
of the hills. 

fFeyiowrn.— There is a patch of little worn flint-gravel on the top of the cliff 
near the Coast Guard Station, apparently of Post-glacial date. 

Bure Valley. — Mr. H. B. Woodward mentions that " between Aylsham 
and Brampton traces of Valley Gravel fringe the marshland ; and by the letter 
M of Mucklands (on the map), the ditch sections showed an indurated gravel 
or conglomerate." No other Post-glacial deposits are known in that district, 
except the recent Alluvium, which will be treated of in the next section. 

Allui'iU7n, 

Palling and Eccles. — Between tide marks at Palling and Eccles there is one 
of the so-called " submerged forests," though in reality it is merely a continua- 
tion of the Alluvium seen on the landward side of the sand dunes. This 
alluvial deposit is a peaty clay penetrated by roots, which originally was 
protected from flooding at high water b^ the sand hills, llius trees were able 
to grow on it though the sur»ce was slightly beneath the level of spring tides. 
Roots may penetrate much below the sea level, as long as the flow of the land- 
springs is seaward, and can keep out the salt water. The mere occurrence of 
the smaller roots near the level of low water is no e\ddence of submergence. 'Phis 
deposit, which contains fragments of bone^ and I have been told, antlers of 
deer, has constantly been mistaken for the much older " Cromer Forest-bed."* 

The Alluvium of Palling and Eccles is merely portion of the stretch in which 
Hickling and Calthorpe Broads occur. The whole of the country near Palling 
is very flat, and it is often difficult to say exactly where the Alluvium ends. 

Another long strip of Alluvium extends from near Bacton, to the Ant Valley 
at Honing, then continuing down that valley with a width of about half a mile, 
to Stalham, where it passes out of the map to which this Memoir refers. 

A narrow strip of Alluvium occurs on either side of the Dilham Canal ; and 
Mr. Gunn has stated that " About the year 1824, when the Dilham Canal wa& 
being excavated, a bed of peat was cut through, which was found exceedingly 
rich in mammalian remains, chiefly those of the red deer. Bones of the ox 
[^Bo8 primigenius], sheep, &c., were plentiful, and associated with the remains 
of man. ITiesc were met with at a depth of 12 feet from the surfiftce."t 

In the south-west portion of the map Mr. H. B. Woodward obsen'es that 
*' The alluvium occupies but a narrow strip on either side of the Bure and its 
tributaries in the area. The upper portions of the valley of the Cawston 
Beck show about four feet of bog earth resting on gravel. To the north of 
Heath Farm a fine skull of Bos primigenitis wva obtained in 1876 in clearing 
out the bed of the stream, by labourers in the employ of Mr. R, J. W. Purdy. 
This was presented by him to the Norwich Museimi. ' 

Dredged Fossils, 

Though not strictly within the district described in this Memoir^ 
the dredged fossils are so constantly mixed with those from the 
'* Forest-bed " that it will be desirable to point out the districts from 
which they have been obtained, and the probable age of the 
deposits out of which they were washed. 



♦ Prestwich, Quart. Joum. Geol. Soc., vol. zxvii., p. 464. 
t Norwich Mercury, 25th July 1868. 
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The Happisburgh Oyster bed has already been mentioned as 
yielding numerous " Forest-bed " fossils ; but mixed with these are 
a few of later date, probably derived from the destruction of 
higher beds in the old cUn^ like those in which the jaw of 
a mammoth was found at Bacton. 

Further from the land^ the trawlers often obtain teeth and 
tusks of the mammoth, as well as other large bones, scattered 
over the bed of the North Sea. The principal locality for these 
Pleistocene fossils is the Dogger Bank, a shoal under 10 fathoms, 
120 miles north-north-east of Cromer, and about 80 miles from 
the nearest land ; though similar fossils appear occasionally to be 
dredged over a much wider area, 

Mr. William Davies has published an account of the Dogger 
Bank fossils, with a list of the species (most of them collected by 
the late Mr. J. J. Owles, of Yarmouth) now in the British 
Museum.* In this paper he clearly separates the dredged Pleis- 
tocene fauna from the very different Pliocene one of the Nqrfolk 
coast. The species mentioned are : — 

UrsvSy sp. Bos primiffcniuSy Boj. 

Cams lupus y Linn. Bison priscus, Boj. 

HycBna sj^clceay Goldf. Equus caballusy Linn. 

Cervus megacerosy Hart. Rhinoceros tichorhinuSy Cuv. 

„ taranduSy Linn. JElephas primigenius^ Blum. 

„ elaphusy Linn. Castor fihcr^ Linn. 

„ sp. Trichechus rosmarus^ Linn. 

Fossils, though originally abundant, are now seldom found, as the 
whole surface of the Dogger Bank has been gone over again and 
again by the trawlers, and every loose mass has already been brought 
to the surface. 

Succession of the Deposits. 

From the fact that certain of the old valleys have been cut 
considerably below the sea level, it is evident that during part of 
the Pleistocene period the level of the land must have been much 
higher than at present. If we consider that the section at 
Mundesley was then much further from the sea, it is clear that 
the sea level must have been lower, or there would be no sufficient 
fall to allow this small river to scour out its channel. This period 
of elevation is probably represented by the lower Gravel at 
Mundesley, and the Valley Gravel with Elephas primigcnius at 
Bacton, both of which could only have been formed when the land 
was higher. 

Afterwards some change caused the stagnation of the Mundesley 
stream, and the silting up of its bed with 30 feet of peaty loam. 
On this loam was deposited a newer Gravel. The intermediate 
peaty bed only being known at Mundesley, it is impossible 
definitely to correlate the Palieolithic Gravel at West Runton 
with either of the beds at Mundesley. At present too little is 

♦ Geol. Mag., Dec. II., vol. v., pp. 97, 443. 
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known of the fauna and flora of the deposits to admit of any 
satisfEtctory analysis. With regard to the physical geography, it 
may be observea that an elevation sufficient to allow the mammoth- 
beuring beds at Bacton to be formed, would also bring above the 
sea-level the Do^er Bank with its similar fauna. This points to 
conditions very fike those under which the Pliocene Upper Fresh- 
water Bed was deposited, and a re-extension of the Bhine estuary 
over the shallow southern portion of the North Sea. An advance 
of the estuary in Post-glacial times would allow of the return of 
the animals and plants into the area as the dimate ameliorated, 
and account for the re-stocking of the rivers with fish, and also for 
the occurrence of such species as the water-tortoise in tiie little 
stream at Mundesley. 
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CHAPTER XV.— DENUDATION. 

Marine Denudatioiu 

The whole of the coast described in this Memoir is beinir 
rapidly deuuded by the sea ; the rate being perhaps as much as 
two or three yards a year, though, without a longer series of obser- 
vations, it is impossible to give an accurate estimate. The follow- 
ing account of the waste of the land has been to a large extent 
taken from a paper by Mr. Redman,* and from Lyell's Principles 
of Geology, supplemented by observations and measurements 
made in the course of the Geological Survey.t During the time 
I have studied the coast the rate of denudation has been extremely 
variable. A single storm on 30th January 1877 carried away 
about a yard along the whole of the coast ; and for three furlongs, 
from the Life^boat Gap at Bacton to Walcot Gap, a strip of land 
was lost averaging about fifteen; yapds in width.} Since that time 
this part of Bacton has only been touched by one tide sufficient in 
height to clear away the blown sand, and, probably the loss on the 
whole of the remainder of the coast has not exceeded a yard. 

At Weyboum the Chalk cliffs are protected by a shingle beach 
about seventy yards in width, which only allows the cliff to be 
touched by very exceptional tides. . Since I have known the coast 
very little has been lost here. Between this place and Old Hithc 
a foreshore of Chalk with flints appears at low-water, though at 
Weybourn the tide rises and falls entirely on shingle. 

Lyell mentions that at Lower Sherringham '^ it was computed, 
when the present inn was built, in 1805, that it would require 
seventy years for the sea to reach the spot ; the mean loss of land 
being calculated, from previous observations, to be somewhat less 
than one yard annually. The distance between the house and the 
sea was fifty yards; but no allowance was: made for the slope of 
the ground being from the sea, in consequence of which the waste 
was naturally accelerated every year, as the cliff grew lower, there 
being at each succeeding period less matter to remove when 
portions of equal area fell down. Between the years 1824 and 
1829 no less than seventeen yards were swept away, and only a 
small garden was then left between the building and the sen. 
There was, in 1829, a depth of twenty feet (sufficient to float a 
frigate) at one point in the harbour of that port, where, only 
forty-eight years before, there stood a cliff fifty feet high, with 
houses upon it !" 

* « The East Coast between the Thames and the Wash Estuaries/' Froc. Inst. Civ. 
Eng., vol. xxiii., p. 186, 1865. 

t See also S. ^Voodward, " Geolo^ of Norfolk " ; Gonn, " Geology of Norfolk/* 
and Athensum, 1867, p. 455 ; Hewitt, <* An Essay on the Encroachments of the 
German Ocean along the Norfolk Coast," Sto., 1844. 

X Geol. Mag., Dec. II., toI. iv., p. 186. 



DENUDATION. 129 

Oroyses have recently been conBtructed at Sherrlngham to 
protect the village ; bat at the same time they have caused denu- 
dation to progress much more rapidly than before on the leeward 
side. The beach drifts to the east and south-east on this coasts 
as is proved by the banking up of the shingle on the west side of 
the groyne at Sherringham. 1 believe that even as far as Weyboum 
the movement is in the same direct ion, though further wcst^ as 
stated by Mr. Redman, the movement is in the opposite direction.* 

At Beeston Hill Mr. Redman estimates the loss of land 
between 1838 and 1863 at the rate of two or three yards annually. 
Between Slierringham and Cromer the foreshore consists to a large 
extent of bare Chalk with numerous layers of flints. The large 
unworn flints have a tendency to collect into iiTcgular lines or 
•' scar?,** often at right angles to the coast, or inclosing pools of 
water, used as harbours for the small boat^. Some of these ridges 
rise to a height of about four feet above the Chalk floor^ and form 
permanent features for a scries of year^^ keeping up tlie beach like 
natural groynes. The shifting of these scars often leads to the 
entire obscuring of sections which have been exposed for many 
years, or, on the other hand, to the discovery of quite new beds. 
A large ridge of flints at WoihI Point having increased lately, the 
beach has been banked up, and it is not improbable that no good 
sections may be seen at West Run ton for several years. 

After the storm of 1877 there wa^s an enormous accumulation 
of unworn flints at Runton, and it is probable that the rate of 
denudation on this part of the coast is to a large extent governed 
by the rapidity with which the flints can be worn into sand. Tlie 
stones were too large to be moved by ordinary waves, and therefore 
for a long while formed ridges to protect the coast. After the 
storm the tints of the beach appeared a good deal darker than 
usual, and on examination this change was found to bo due to the 
enormous number of flint-pebbles which had been broken or 
chipped by the violence of the waves, instead of showing merely 
their ordinary battered greyish coat. 

Near Cromer the coast has been artificially protected by 
groynes, witliout which it is probable that the portion of town 
between the church and the cliff would have been aestroye<l, for it 
projects beyond the general cliff line. South-cast of Cromer the 
waste is very great, especially as the defensive works at the town 
prevent the beach from travelling. The cliffs near the Light- 
house are constantly slipping ; for, besides being undermined by the 
sea, the beds are full of water, which often causes very extensive 
shoots. Another mode by which the cliff is dcniuled is well illus- 
trated during the east winds of spring. The dry wind blows 
away the sand in the contortions, till the clays are undercut and 
fell.t Both the wind and springs appear to play merely a sub- 
ordinate part in the denudation of this coast ; for the rate depends 
on the extent to which the sea can cut away the unweathercd 

♦ " The East Coast. . . . ," Proc. Inst. Civ. Kng., vol. xxiii., p. 186. 

t Noted by Sir W. C. Trevel} ud, Edin. Xew Phil. Joum.. vol. xl., p. 207, 1846. 

R 1195. I 
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base of the cliffs, and the beds beneath the eea-leveL Whether the 
cliff is brought down by land-springs or merely undermined by the 
sea, will make little difference, for in either case denudation cannot 
proceed till the tahis has been cleared away. 

Near the Coast Guard Station, Trimingham, the cliffs have 
receded 50 yards since the Ordnance Map was made, — equal to 
a rate of a little over a yard a year. At Mundesley Church 
Mr. Redman states the mean loss at 4 J yards per annum. The loss 
at Bacton during the storm of 1877 has already been mentioned. 
Between Ostend and Ilappisburgh the cliffs have been destroyed 
at the rate of about 3 yards annually. At Ilappisburgh Mr. Ked- 
man Cistimates the encroachment at 2J yards, but quutes the 
*^ North Sea Pilot" as giving a higlier result, \'iz., 2'83 yards per 
annum. 

" Since the Conquest the villages of Shipden. Keswick, Clare, 
Wimpwell, Eccles, and Ness, or the greater part of them, liave 
been washed away."* 

The churches of Beeston Regis and Sidestrand are now near the 
cliff, and lately the latter has been dismantled, for in a few years 
it will be reached by the sea. A long account of Eccles Church, 
now washed by the sea, will be found in Lyell's Principles of 
Gcology.t The sand-hills, which in 1839 surrounded the tower, 
have now moved inland, and left it on the foreshore, several 
yards below high-water mark. This portion of the coast is now 
protected by groynes. 

Besides the ordinary action of the waves on the coast, it is 
evident that submarine denudation must go on rapidly up to a 
certain depth ; for there are now several fathoms of water at places 
to which not long ago the dry land extended. A very remarkable 
instance of this submarine denudation has been mentioned in 
Chapter V. (p. 44), where it was noticed how a storm scoured out 
a channel 15 fathoms deep> and the sea tore up slabs of ironstone 
from at least 10 fathoms, and threw them on the beach at 
Happisburgh. Not only does this mechanical action of the water 
v3rodo to a considerable depth, but where the set of the currents 
prevents sand from accumulating on the rock, organic action helps 
the waste. To as great a depth as the Laminaria or oar-weed 
extends, rocks are torn from . their bed by the action of the 
currents on the wide fronds of the plant. Even beyond the 
range of the Laminariay any bare Chalk or other soft rock will 
be bored by annelids, moUuj-cs, or sponges till it is quite honey- 
combed and crumbles away. 

It seems doubtful whether any part of the bed of the North 
Sea IS really beyond the reach of submarine denudation, for even 
the deeper parts, like the ^* Well " in the Wash, only exist because 
they are constantly scoured out by the tides. It is therefore 
unsafe to consider the North Sea as necessarily entirely formed by 

• S. Woodward, Gcol. Norfolk, p. 17. The pipes of old wells are frequently 
exposed in the cliff, 
t 12th edit., YoL i., p. 51S. 
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subsidence ; for at the present rate ordinary marine action might 
denude the shallow- water bay which forma its southern half in 
less than 100,000 years. 

Subacrial Denudation, 

Subaerial denudation in the district here described does little 
beyond carrying the material from the higher lands, and deposit- 
ing it on the alluvial flats, or in the Broad;?. From the recent date 
of the submergence which formed the Broads*, and is now causing 
them to be silted up, the materials washed down by the sluggish 
streams are generally dopoisited long before tiicy can reach the 
sea. Probably, if it were not for human ngency in clearing the 
channels and tilling the land, little solid matter would be carried 
away by the rivers of East Norfolk. 

Wind denudation, as already mentioned, undermines the cliff, 
often at the same time deposit ing sand on the edge above. Thus, 
near Cromer many parts of the cliffs are capped by Blown Sand, 
full of land shells. Near the Old Lighthouse the cUtfs are 
covered by five or six feet of this sand, which only extends a few 
yards inland. 

At Skelding Hill the blowing away of the sand and soil at the 
edge of the cliff has laid bare a number of flint chips and flakes, 
pieces of rough pottery, and the remains of shell-fish used for 
food. The Hill appears to have been fortifii^d at more than one 
period. 

One indirect effect of the waste of the cliffs remains to be men- 
tioned, — the decrease of the drainage area through the destruction 
of the land. This may seem a very small point ; but when we con- 
sider that most of the streams rise near the coast, and flow inland 
to join the Bure, it is evident that the loss of a strip of land 
two or three miles wide since the time of the Romans, may have 
materially affected the amount of water in the Bure, and con- 
sequently made it more sluggish. 



♦ Sec also " Geology of the Country around Norwich," pp. 3, 143, 14C, 148. 
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CHAPTER XVI.— ECONOMIC GEOLOGY. 

Soil 

The most important practical bearing of geology in this district 
is certiiinly its connection with agriculture. There are no mines, 
and no minerals of economic importance, except the materials dug 
for lime, bricks, or road-making. 

A rich loamy and marly soil extends over most of the area 
coloured on the map as Contorted Drift, except where the surface 
is covered by a wash from higher sand-hills. The land around 
Happisburgh and Bacton is considered by many to be the best in 
Norfolk, though its exposure to the north-east winds makes the 
crops late. A considerable portion of the district, especially near 
Cromer, is covered with sand and gravel, forming heaths, as yet 
only partly cultivated. Much of this heath land near Cromer has 
been planted \rith trees, the woods seldom extending beyond the 
area of the gravel. The portion under tillage, though forming a 
very light soil, is often of fair quality ; near the sea, however,.it is 
not uncommon for the easterly winds of spring to blow away from 
a field the whole of the top-soil with the seed, heaping it against 
a neighbouring bank. 

Good sections of the soil can be t-een in the cliflfs, and attention 
may be especially drawn to its unusual thickness on the flat lands 
near Bacton and Happisburgh. It often exceeds 3 feet.* 

Lime, 

Pits have been opened at numerous localities in the recon- 
structed Chalk ; and I have been told by farmers that this impure 
material makes a better lime for agricultural purposes than pure 
Chalk.t In the Bure Valley, pits have been dug in the undis- 
turbed rock. 

Boad Metal. 

Eeconstinicted Chalk is often mixed with the road metal, and 
where this is done, and the stones properly broken, the roads are 
very good. In the district near the sea, the roads are generally made 
with small stones from the beach ; these, being rounded, never 
bind properly, and cause the roads to be uneven, and always 
covered with loose pebbles. Inland, stones are obtained from the 
ploughed fields, or from the gravels. 



* See also Trimmer, *' On the Geologi' of Norfolk as illustrating the Laws of the 
Distribution of Soils." Joum. Roy. Agric. Soc, yol. vii., p. 444, 1847. 

t Mr. Marshall gives a good account of these <* chalk-marl " beds in his ** Rural 
Economy of Norfolk," 1787, vol. i., pp. 4-30. See also " Memoir on the Gcologj- of 
the Country around Norwich," p. 134. 
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Building Materials. 

Brick is the principal building material, except in the churches^ 
'where squared flints are used. In the parts within easy reach of 
the sea, large flints and miscellaneous boulders from the beach are 
often employed, and many of the inland farms are partly built of 
boulders obtained on the land. 

The bricks made in the district are usually very bad, more 
from careless selection of the materials than from the absence of 
good brick-Ciirth. The bed usually dug is the stony loam, corre- 
sponding in character witli the well-known Norwich brick-earth. 
For temporary purposes, numerous brick-])it3 have been opened in 
tlie shallow soil, which is even worse for brick-mjikin2C than the 
stony loam. Where care is taken in the selection of the materials, 
very fair bricks, pii)ep, and tlooring-tiles can be made. Among the 
more permanent brick-yards may be mentioned thos^e at North 
Walsham, SuflSeld, Skeyton, Blickling, East Kunton, Ingham, and 
Ostend, the last being in clean loam or marl without stones, 
belongino: to the Intermediate Beds of the Till. 

Peat 

Peat has been dug at a few i)laces on the alluvial flats near 
Dilham, but not in sufficient quantity to call for further notice. 

Minerals, 

A considerable quantity of jet is thrown up on the beach, espe- 
cially after east winds. Though generally in small pieces, the 
quality is fair, and a good deal is manufactured into ornaments by 
local lapidaries. This jet occurs, as derivative fragments, in the 
" Forest-bed," and is associated with abundance of a shaly lignite 
or brown coal. It is decidedly different from the Liassic and 
Oolitic jets found near Whitby, and I believe that it was in all 
probability originally derived froui Low-er Tertiary beds under the 
North Sea, a few miles from the present coast. Mr. Savin esti- 
mates the average annual find of jet near Cromer at from 10 to 
20 lbs. Lady Buxton has an exceptionally large mass from this 
coast. 

Amber also occurs, though the annual yield is considered to be 
only 3 lbs. or 4 lbs. It is generally found in collecting the sea-weed 
for manure. One piece, now in Mr. Savin's possession, weighs 
\\\ oz., and was found at Overstrand : the usual size is, however, 
much smaller. Mr. Saviti informs me that he has found both 
amber and jet in a black bed west of Melbourne House, Cromer; 
and also directly under the Bnulder Clay at Overstrand zigzag, 
apparently in a disturbed mass of the " Forest-bed." Most of the 
Cromer amber is cloudy ; and the only specimen containing insects, 
of which I have been able to learn, is one which was some years 
ago in the possession of Mrs. Savin. Probably the jet and amber 
originally came from the same bed. 
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Thriugh scarcely belonging to Economic Geology, the other 
minerals obtained in this district are so few that they may be 
mentioned here. Agates and carnelians are often found on the 
beach ; but being derived from the Drifts, they can scarcely be 
considered as Norfolk stones. Pyrites occurs in the Chalk and 
" Forest-bed " ; Calcite in the Chalk fossils ; Quartz crystals, in the 
flints; Beekite (annulated Chalcedony) on fossils in Glacial Gravels ; 
Selenite, in the *' Forest-bed " at Sherringham and Bacton ; 
Vivianitc (phosphate of iron) stains the Chalk at Trimingham, and 
is also found in small concretions in the Upper Fresh-water Bed 
of Ostend, and in Post-glacial Alluvium at Dilham* ; concretions 
of Kace (Carbonate of lime) also occur in the Pre-glacial soils ; 
and Oxide of Manganese often fills small fissures in the Cl)alk. 

The occurrence of Iron slag near the ancient earthworks on 
Beeston Heath was noted in 1868 by the Rev. A. E^ Abbott t; 
but I cannot learn what ironstone was smelted there, though it 
may have been some of the very ferruginous sand which is now 
and then found in the Glacial Deposits. The ironstone may, 
however, have been brought from a distance, as was often the 
case in well-wooded districts. 

It may be useful to mention here the masses of porous slag, so 
constantly thrown up by the sea, both at Cromer, and other parts 
of the east of England. These look like pumice, and, unless their 
origin is known, might be taken for a natural product, esi>ecially 
after they have been some time in the water, and arc covered 
with seaweeds. In reality they are clinkers thrown overboard 
by passing steamers : the denser slags fall at once to the bottom, 
and only the very porous masses float. 

Mineral Waters, 

Ferruginous springs are often given out by the Glacial Gravels, 
but I do not know of any other class of mineral waters in the 
area. In many places, especially near Overstrand, red stains 
arc seen in the fiice of the cliff", marking the spots where ferru- 
ginous water oozes through the Boulder Clay, The following 
account of Aylsham and otber spas is by Mr. H. B. Woodward : — 

" About 200 years ago, Aylsham was noted for its Spa, a chaly- 
beate spring situated a little less than a mile south of the church, 
and now commemorated in the name of the Spa Farm. Probably 
the same spring trickles along the road-side, issuing from the 
Glacial Sands and Gravel that cover the rising ground east of the 
Farm, being thrown out by the Brick-earth (Contorted Drift) 
beneath. The Spa, it is said, was formerly much resorted to by 
invalids afflicted with asthma and other chronic diseases. It is 
mentioned by B. Allen in his ' Natural History of the Chalybeate 
and Pur^ng Waters of England,' 1699, (|). 23,) and by 
Dr. J, Elliot in his * Account of the Nature and Medicinal Virtues 
of the principal Mineral Waters of Great Britain and Ireland, 
1781, (p. 127). 

* Letter of 8. Woodward to C. B. Bose, SOth Not. 1826. 
f Nonrich Geol. Soc, Norwich Mercviy, 16th Sept. 1868. 
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" Blomeficld also observes, in reference to Oulton (Olton), * Here 
is a fine spring called the Spaw, being a strong mincraly much 
frequented formerly, before the Spaw at Aylesham had gained 
its reputation." (Ilistory of Norfolk, vol. iii. 1769, p. 617.) 

" In ChamlKjrs' ' General History of the County of Norfolk/ 
(vol. ii., p. 1333,") mention is made of a mineral spring discovered 
at Mundeslcy in September 1823 "on the estate of F. AVheatley, 
Esq. The well which has l)een sunk is not more than GOO yards 
from the edge of the cliff, and is 66 feet deep." I can obtain no 
particulars of the spring indicated by the ^ Spa Common,' about 
a mile east of North Walshani." H. IJ, W. 



Water Supply, 

The greater part of the area is supplied with water from shallow 
wells, sunk till a spring is met with in the contorted beds. This 
water, though probably wholesome, is hard and generally ferru- 
ginous, so that, till one is accustomed to it, the taste is very un- 
pleasant. A few sj)ring3 are given out at the base of the Jioulder 
Gravel, especially near Mundesley. There are not so many of 
these as might be expected, for the contortions prevent the under- 
lying K-ds from holding up the water, as each vertical bed of sand 
forms a sort of j)ipe to conduct the water to a lower level. From 
this cause the only bed that can be depended on to yield a large and 
constant sup[)ly is the Chalk, and lately the town of Cromer has 
succeeded in obtaining abundance of water from this source. 

According to the engineer the surface at the Cromer water- 
works well is 117 feet above high-water spring-tides. The well 
was sunk for 81 feet, then a bore-hole was carried to a depth of 
400 feet from the surface. After numerous delays a copious 
supply wa-* obtained from a spring in the Chalk ; continuous 
pumping 10 hours daily for three weeks being insufficient to reduce 
the level of the spring. The details of the beds passed through 
are given below, the upper part being taken from my own measure- 
ment, and notes,* the lower portion from a MS. section belonging 
to Mr. E. K. Pricit. The beds being contorted, the two sides of 
the well give quite different results. 



Soil 1 foot 



Contorted 

Drift. 

112 feet. 



< 



Brown hrick-earth with a few scattered") 
an<:u1ar Hints, and flint and Chalk I 
])ebblcs, occasional thin seams of lead- I 
coloured clay. Fragments of Cyprina ' 
Isiamlicaj Tellina Balthica^ and Car- 
dlum edule. 

BxiiY fine sand, rather loamy 

Brick -earth as above 

Sand - - - - 

Lij^ht lead-coloured Boulder Clay 

Sand (water at base bad) 

Blue clayey loam, with very few fossils 



S. 8iclc. 
Foot. 

1 



N. side. 
Feet. 

1 



8 



ii 

8 
6 J 

14^ 

V 



^\^ 



5 

14 



* ^ec also JVoc. Norwich Geol. Soc., vol. i., p. 129. 



Contorted 
Drift, 

112 feet. 



Beds, 

291 feet. 



Chalk, 
258i feet. 



GEOLOGY OF CROMEB. 

Feet. 
Sand (irith a little water) - - tbin seam 

Illue-black clayey loam nith a few stones 1^ 

Soft mud and clay (water at 61 feet and! iq 

at 69 feet. J ' 

Wet blue clay and running sand • - 3J 

Stiff clay 4 J 

Very firm clay .... 6 

Do. lighter colour - - 6 

Do. darker „ - - 5 

Do. hard, with flints - - 1 

Soft wet aunciv I'l.ir ... IJ 

Hard blue earth (water level at 1 1 1 feet) - ti> 

"Soft blue earth .... 4 

Wet sindjr earth with flints - - 7 

Itunnhiyaand with flints- - - 5 

Hard small gravel with a little lignite'! lo 

(described as like concrete). J "* 

FlinU i 

"Chalk :t 

Flints i 

Marl, Chalk and blue clay mixed (the] 

clay probahiy fallen from abdvewhen * 'X 

the bore was enlarged.— C.R.) . J 

Chalk 11 

Uinta ..... 3i 

Chalk 24 

Large flint - - - • IJ 

ChsJk(springat210feet) - - 20 

Flint ..... 4 

Chalk 20 

Flint ..... J 

Chalk 3i 

Flint i 

Chalk 19 

Flint ..... 11 

Chalk 6 

Flint 1 

Chalk 15 

Flint 4 

Chalk 4 

Flint 1 

Chalk •■-... 7 

Flint I 

Chalk 35 

Flint i 

Chalk 37 

Flint U 

Cbalk 2 

Flint 5 

.Chalk 131 

400 



The following analysis of the water from this well Ims been 
publiBhed by Mr. Sutton, F.C.S. :— 



Total dissolTed solids 
Free ammonia - 
Ammoata than ff 



^'S 



\ 
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Nitrogen as nitrates or nitrites 
Chlorine .... 

Ecjnal to common salt 
Lime ..... 

Magnesia .... 
Sulphuric anhydrid ... 
Equal to gypsum ... 
Oxygen required to oxidise organic matters 

Natural hardness 

Hardness after boiling - 

(Signed) 



Gninipor 
gallon. 

none 

2-2400 

3-7100 

7-2800 

•6050 

1-4400 

2-4600 

•0760 

15 degrees 

3-8 do. 

Francis Sutton. 



Kk MARKS. — This water is undoubtedly to be ranked as a water of high-class 
purity, and in all respects is admirably adapted for dietetic purposes. The 
organic impurity is practically nih and the mere trace which is found to be 
present is unquestionably mainlv derived from vegetable sources of a perfectly 
harmless description. The harcfness is also verv moderate, and well within the 
limits which have been practically found conducive to health ; at the same 
time, it is quite sufficient to prevent any absorption of lead from metal pipes. 
By simple boiling the hardness is reduced to'one-fourth of its original amount. 
I consider it an admirable water, both for domestic and general purposes. 

(Signed) Francis Sutton. 

It may be remarked that this well appears to have passed 
through an exceptional number of alternations of clay and sand. 
In most places the section would be simpler^ but it is impossible 
beforehand to say what will be found in a well sunk in these con- 
torted beds. 
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